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A. Introduction 

Previous studies on the cytology of the Cecidomyiidae (see WHITE 
1954) have revealed them: to be, along with the Sciaridae (MEtTz 1938) 
and the Orthocladiinae (BAUER and BEERMANN 1952), a group of insects 
of special interest for the study of chromosome cycle evolution. 

All species of the Cecidomyiidae examined so far possess in germ cells 
more chromosomes than in somatic ones. The difference is due to the 
elimination from the nuclei of future somatic cells of a certain number 
of E-chromosomes, characteristic of the given species. This elimination 
occurs during the early cleavage divisions. In the nuclei of somatic 
cells only the S-chromosomes that divide in the regular way are 
retained. Contrary to the nuclei of somatic cells, divisions of the nuclei 
of primordial germ cells are quite normal, these nuclei and their der- 
ivatives (oogonia, spermatogonia) contain the S- and the E-chromosomes. 

Until recently most of the information on the oogenesis of the Ceci- 
domytidae came from studies of the paedogenetic development of Miastor 
metraloas (KAHLE 1908; KRraczkrEwicz 1935, 1936a; WuirE 1946) and 
Oligarces paradoxus (REITBERGER 1940, HauscutTEcK 1959). 

Oogenesis in Phytophaga destructor, a representative of a bisexual] 
species, was described by MrtcoaLFre (1935), but in the light of later 
studies (KRACZKIEWICZ 1938, 1950; WuiTE 1946, 1947a and b, 1950) 
her description seems to contain some misleading statements, serious 
enough to make it of rather little value for the understanding of how 
the sexual oogenesis in Cecidomyiidae proceeds. Later, some prophage 
stages of sexual oogenesis in Miastor metraloas (KRACZKIEWICZ 1936p, 
1937) and in a number of species of the subfamily Cecidomyiinae (WutrE 
1950) were described. WuiTE, when studying the diakinesis and pro- 
metaphase stages, found that the behaviour of S-chromosomes differs 
from that of E-chromosomes. Thus, chiasmatic bivalents were formed by 
S-chromosomes only, while E-chromosomes in all of the specieg inves- 
tigated always occurred as univalents. WuiTE failed to observe both 
the early prophase stages and maturation divisions of the eggs. 

On the basis of his observations WuirE advanced a hypothesis 
(1950) which assumed that sexual eggs of Cecidomyiidae undergo two 
maturation divisions, the number of the S-chromosomes being reduced, 
while the univalent E-chromosomes undergo two equational divisions. 
White did not reject the possibility of a single division of E-chromo- 
somes, but he made so suggestion as to the course of meiosis. In the 
latter case, of course, the pattern of oogenesis would be still more 
complicated. 

The aim of the present work was to gain as deep an insight as possible 
into the sexual oogenesis in Cecidomyiinae, which could provide a con- 
firmation of Wuirr’s above mentioned hypothesis and fill the still 
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existing gap in the general scheme of the chromsome cycle in this 
subfamily. 


The author wishes to express his deepest thanks to Prof. Zyemunt KRaczkIE- 
wicz for suggesting this investigation as well as for his helpful discussions in the 
course of this work. 


B. Material and Methods 


In Poland Mikiola fagi Hart. usually occurs abundantly in all larger stands of 
beech trees. As a result of its secretion of growth substances (BoySEN JENSEN 1948 
1952) the larva of this gall midge produces a gall on the upper side of beech leaves. 
A fully developed gall has the form of a pointed cone, having smooth, hard, green 
walls, turning red towards the end of the summer. Usually only one larva is present 
in a gall, however two larvae can also be found, although rather rarely. 

In the second half of September, or in October, shortly before metamorphosis 
of the larva into a pupa, the canal connecting the gall with the leaf becomes closed 
by a white membrane, which most probably consists of salivary gland secretion 
of the larva. Simultaneously, at the bottom of the gall, in the tissue of the leaf, a 
separation layer is produced, which facilitates the separation of the gall from 
the leaf. 

M. fagi hibernate in their galls as pupae. Adults leave the galls at the end of 
March or in April. Eggs, which will later hatch into the single annual generation 
of M. fagi are laid by females on leaf buds. 

The material used for the investigations had been collected in wooded valleys 
of the Polish Tatra in the vicinity of Zakopane. 

Larvae intended for studying divisions of somatic and oogonial cells were 
collected together with their galls, in the summer time, from July to October. 
To obtain pupae, containing oocytes in successive stages of development, the 
following procedure was applied. 

Beech leaves with attached galls were collected at the end of September, piaced 
in large vessels, containing discs of moist blotting paper covered with glass plates. 
In time the galls fell off from the leaves and were then placed in Petri dishes covered 
inside with moist blotting paper. The galls in the dishes, which had been kept out- 
doors until frost, were then stored at a temperature of 0 to —2° Cin a refrigerator. It 
had been noticed in the course of several successive years that under stable thermal 
conditions imagines usually emerge from the puparium in the second half of April, 
the process usually lasting a relatively short period of time, namely 4—7 days. 
Lowering the storage temperature to 3—4 degrees below zero shortly before the 
adults emerge, inhibits the above process. This phenomenon, however, has 
proved to be reversible. Due to this fact it was possible to obtain, in the period 
from middle of April to middle of June, any required number of female imagos. 
To this end only a number of galls had to be transferred from the refrigerator to a 
large glass dish covered with a glass plate and placed outside the window. The 
following morning either newly emerged imagines were found in the glass dish or 
the eclosion process itself could be observed. At room temperature females start 
egg laying within 1—1.5 hours after emerging. 

Larvae, and later pupae, were fixed in batches of 10—15 of individuals at 
several days intervals in the period of time from autumn till next spring, when 
adults started to appear. Adult females were fixed immediately after emerging as 
well as before and during egg deposition. 

The material used for the studies was fixed in Bauer’s modification of Bouin- 
_ Allen. Larvae and young pupae after having been pierced with needles were fixed 
as a whole; of older pupae and of adults only ovaries were fixed. Eggs laid on 
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moist blotting paper in a small dish were fixed in the fixative heated to 60° C, at 
various time intervals starting from the beginning of egg laying. The eggs of 
M. fagi are small (0.3 mm long and 0.09 mm wide), and the laying process is slow. 
It lasts several hours and cannot be accelerated by the methods given by Bay- 
REUTHER (1956) for crane-flies. For this reason batches of up to several hundred 
eggs, laid within a certain period of time, were usually fixed, most of the eggs 
being in nearly the same stage of oogenesis. 

The material was sectioned at 10—15 ym and stained in Heidenhain’s iron 
hematoxylin, gentian violet or by the Feulgen method. 


C. Observations 
I. Somatic chromosomes of the female 
The complement of S-chromosomes of females was examined in 
larval neuroblasts, as well as in somatic cells forming the anterior part 
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Fig. la—d. Female somatic metaphases. a, b and ec from follicular cells. c, d from 
neuroblasts. a Gentian violet. b—d Hematoxylin 
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of the larval ovary. Divisions of these cells frequently occur during 
the whole period of larval life. Eight chromosomes were found in all 
metaphase plates examined (Figs. 1 and 2). 

On the basis of relative sizes and kinetochore positions, in the best 
fixed metaphase plates (Fig. 1a) one pair of large mediokinetic, one pair 
of large submediokinetic, and 
two pairs of small submedio- 
kinetic chromosomes can be 
nial’ distinguished among the four 

; aT a Z ve pairs of the S-chromosomes. 

a We ¢ a : . oa * These size differences of 

ig. 2a and b. Female somatic metaphases. = — sea = 

ay pce ey b from a follicular cell the S-set in the cells examined, 

Gentian violet. x 2300 correspond to the size differ- 

ences between the polytene 

chromosomes in the reservoir part of the salivary gland of Mikiola 

fagi (KraczkrEwicz and MatuszEwskI 1958). In the latter case they 
are more pronounced. 
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II. The germ-line chromosomes 
The spherical larval ovary of Mikiola fagi consists of two distinctly 
delimited parts which differ from each other both in their size and in 
the stainability of their cells. The oogonia form a small aggregate 
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which occupies the smaller, posterior part of the ovary, while the 
much larger, anterior part is occupied by small, closely packed somatic 
cells, the follicular cells with a strongly basophilic cytoplasm. An 
analogous structure of ovaries has been found in a number of the 
cecidomyiid species (WHITE 1947a, 1950; KraczKiEwicz 1950). 

The oogonia contain rather large vesicular nuclei, in which at inter- 
phase groups of eight heteropycnotic chromosomes can be observed 
(Fig. 3). Such a group of chromosomes is located just under the nuclear 
membrane, usually on one side of the nucleus. The chromosomes of 
this group occur as separate, spherical or slightly elongated and deeply 
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Fig. 3. Oogonial nuclei. In each nucleus a group of eight heteropycnotic S-chromiosomes 
is seen. Hematoxylin 


staining bodies. The rest of the germ-line chromosomes are represented 
by diffuse chromatin during the interphase period. A part from the 
heteropycnotic chromosomes, granules of rather faintly stained chro- 
matin are scattered here and there within the nucleus, but even a rough 
estimate as to the number of the rest of chromosomes is impossible. 
On the basis of the coincidence of the number of S-chromosomes in 
somatic cells with the number of heteropyecnotic elements in germ-line 
cells of the species, as well as on the basis of studies on cecidomyiid 
spermatogenesis (WHITE 1947a, 1950; KraczkrEwicz 1950) the assump- 
tion is made that in the interphase stage a set of S-chromosomes in 
oogonia is represented by a group of heteropycnotic chromosomes. 

In the heteropycnotic chromosome groups present in oogonia of 
Mikiola fagi two pairs (or at least one pair) of larger elements can be 
distinguished which, most probably, correspond to two pairs of large 
chromosomes belonging to the S-set of somatic cells. 

Although oogonia can undergo divisions during the whole period of 
larval life, the divisions occur rather rarely and are not synchronized. 
Shortly before metamorphosis of larvae into pupae oogonial divisions 
occur more frequently. 
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The number of chromosomes in metaphase plates of oogonial nuclei 
of M. fagi is 24, thus being identical with the number of germ-line 
chromosomes in T'rishormomyta helianthi (Wui1TE 1950). 

Among germ-line chromosomes both mediokinetic and submedio- 
kinetic chromosomes can be distinguished, yet all of them are of nearly 


oe yz the same size (Fig. 4). The 
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Fig. 4. Oogonial metaphases. Each plate 5 ; 
contains 24 chromosomes. Gentian violet of their condensation and the 


ability to stain are much the 
same. In addition, their small dimensions make the distinction 
between 8 S-chromosomes and 16 E-chromosomes rather impossible. 


III. Oogenesis 

1. Prophase 
a) The first period of the oocyte growth. The earliest stage of oocyte 
growth observed may be named pachytene on the ground of the first 
appearance of chromosomes in the nuclei of the oocytes. In Mikiola 
fagi the presence in a nucleus of only four long chromosomes which 
have no longitudinal splits is characteristic of this stage. The con- 
figuration of the above elements is mostly irregular (Figs. 5 and 12), 
sometimes, however, a more regular configuration can be observed 
(Fig. 6). Along the chromosomes, numerous brightly stained, short 
blocks of heterochromatin can be seen. The chromosomes differ little 
one from another, in position of heterochromatin, and length. For this 
reason a characterization of them and their identification in the nuclei 

of various oocytes seems rather impossible. 


All the rest of the germ-cell chromosomes are during this period in 
a diffuse state, and the occurrence of diffuse, barely stainable granules 
of chromatin in the nuclear sap is the only indication of their presence. 
Later investigations have proved the four observed chromosomes to 
be bivalents. Thus, it should be assumed, as WuitE did (1950) for the 
bivalents observed in several cecidomyiid species during prophase and 
prometaphase stages of oogenesis, that the pachytene threads (bivalents) 
occuring in M. fagi at early prophase result from the conjugation 
between homologous S-chromosomes. 

The length of pachytene chromosomes is gradually reduced (Fig. 7), 
their condensation increases rapidly, and they soon become intensely 
stainable, compact elements. Now, for the first time, splits between the 
conjugated S-chromosomes can be observed (Figs. 13 and 14). 
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Presently, in the cytoplasm of oocytes one or two spherical Fenlger 
negative bodies, which can readily be stained in gentian violet o1 
hematoxylin, can be seen (Fig. 14). 


"1 


Figs. 5—11. Early prophase stages. Figs. 5 and 6. Early pachytene. Fig. 7. Late pachytene. 
Figs. 8 and 9. Early diplotene. Figs. 10 and 11. Late diplotene. Hematoxylin 


The slow separation of homologous chromosomes at the beginning 
of diplotene is accompanied by a lengthening of the chromosomes. 
These two processes lead to the formation of typical diplotene figures 
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Figs. 12—14. Early prophase stages. Fig. 12. Early pachytene. Figs. 13 and 14. Early 
diplotene. Hematoxylin. Figs. 12 and 14. x2750. Fig. 13. «2250 


(Figs. 8 and 9), the appearance of which indicates the chiasmatic 
character of bivalents in M. fagi. The position of the bivalents, both 
inside the nucleus and towards one another, shows at this stage no 
regularity. The outlines of bivalents, initially “rough”, gradually become 
“smooth”; simultaneously, repulsion of homologous chromosomes leads 
to pronounced opening out of bivalents between chiasmata and to the 
spreading of their free, chiasma-distal arms (Figs. 10 and 11). At the 
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same time the bivalents congregate. They finally take up a position 
as a group of four bivalents (Fig. 11) away from the rest of chromo- 
somes which are only just becoming visible. 

In the diplotene stage each of the four bivalents possesses at least 
two chiasmata. Because of the median of submedian positions of kineto- 
chores in the bivalents in M. fagi, one can infer from the locations of 
the chiasmata that they are present in both chromosome arms, at each 
side of the kinetochore; their distances from the kinetochores seem, 
however, to vary in different bivalents. 

In Fig. 10 one, and in Fig. 11 two bivalents can be seen, with a 
more proximal position of one of the two chiasmata. In the other 
bivalents of these nuclei the chiasmata are more or less distal. In some 
of the bivalents three chiasmata seem to be present (Figs. 8 and 9). 
It may, however, be possible that some of these configurations do not 
represent chiasmata, but result either from overlapping of chromosomes 
which are not lying parallel to each other or from twists of interchiasmatic 
regions. On the other hand, in a number of cases analysis of considerably 
more advanced stages has definitely proved the presence of one bivalent, 
having one proximal and two distal chiasmata (Figs. 46 and 48). Taking 
into account both possibilities, the assumption seems reasonable, that 
in the oogenesis in M. fagi the number of chiasmata per oocyte is 8 or 9. 
Both the above observations and the further course of prophase indicate 
that chiasma-formation in M. fagi can considerably vary, similar to that 
in Oligotrophus pattersoni, as observed by WHITE (1950). 

During the period of grouping of the bivalents inside the nucleus, a 
new, hitherto not observed nuclear component appears. This component 
can best be seen in slides deeply stained with iron hematoxylin: a layer 
of Feulgen negative substance begins to be formed on the surface of the 
bivalents. Of all of the dyes used, only hematoxylin stains this sub- 
stance. Initially, when the bivalents are still at some distance from one 
another, the substance which because of its location is called peri- 
chromosomal surrounds each of the bivalents separately in a layer 
of nearly the same thickness (Fig. 19). Already at this time very faint 
concentric continuous lines can be seen in it, which may be regarded 
either as its fibrillar components or as an evidence of its lamellar structure 
(Fig. 15). 

As far as these lines in the sectioned perichromosomal substance are concerned 
their artifact character is not quite impossible. They might for example have 
been formed as a result of strain in the gel-like substance under the influence of the 
fixative which had penetrated into the substance. They do not seem, however, to 
be any fissures or scratches made during embedding or sectioning, the slide showing 
proper fixation of the cells and especially of the nuclei. There is no doubt, 


however, as to the regularity in the occurrence of this perichromosomal substance, 
which should not be considered as a structure of artifact character, which has 
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been formed under the action of the fixative. The above statement has been 
confirmed by investigations on living material, now in progress. 

After the bivalents have approached one another close enough to 
bring their perichromosomal layers into contact, the latter join to form 
a common coat around all the bivalent S-chromosomes in the middle of 
the nucleus. At first the complexity of the new structure can still be seen 
either from its irregular shape (Figs. 16 and 18) or from border lines 
between bivalents coated with perichromosomal substance (Figs. 22 and 
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Figs. 15—18. Diplotene. Lamellar structure of perichromosomal substance before and after 
formation of inner part of nucleus. Hematoxylin 


23). Sooner or later the above features gradually disappear, and in the 
end all the bivalents seem to be immersed in a mass of perichromosomal 
substance (Figs. 17, 20, and 21). 

The grouping of the bivalents in the middle of the nucleus, involving the 
fusion of their perichromosomal layers, is the first step of the process 
of separation of the inner part of the nucleus, the existence of this part 
during oogenesis in M. fagi being a very distinctive, specific feature of 
the further prophase and prometaphase stages. 

The process of differentiation of the E-chromosomes starts after 
the S-chromosomes have reached the early diplotene stage. The appear- 
ance of strongly staining granules in the nuclear sap is the first sign 
of this process. The granules are most probably heterochromatin parts 
of the E-chromosomes (Figs. 13 and 14). Soon, thin, faint chromosome 
threads become visible. The threads are initially rather short, strongly 
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twisted and uniformly distributed throughout the whole nucleus (Figs. 9 
and 10). As the grouping of the bivalents proceeds, the E-chromosomes 
move towards peripheral parts of the nucleus (Figs. 11 and 20). This is 
accompanied by a gradual lengthening of the E-chromosomes and their 
increasing stainability. At the moment when the central part of the 
nucleus containing the bivalents has differentiated, the E-chromosomes 
appear as long threads (Figs. 30 and 31), which then continue to elongate 





Figs. 19—24. Diplotene. Successive stages of formation of the inner part of nucleus. The 

lamellar structure of the perichromosomal substance disappears and the inner part of the 

nucleus becomes homogeneous and stains diffusively. See text for details. Hematoxylin. 
- Figs. 19—21 x 2740; Figs. 22—24 x 2250 


until a maximum is attained (Fig. 25, 26, 32, and 33). Thus, at the time 
when the bivalent S-chromosomes are in the late diplotene stage, the 
E-chromosomes hardly differ in their appearance from typical chromo- 
somes at early mitotic prophase. 

The apparent lengthening of the E-chromosomes, most probably is not a growth 
but a differentiation process, which starts at certain points and then gradually 
spreads over other, more distant parts. As it can often be seen at the initial period 
of condensation of the E-chromosomes, the contracted middle part of a chromosome 
is relatively poorly stained, in contrast to the short arms located symmetrically 
at either side of it (Fig. 18 and 21). This fact suggests that the kinetochores might 
be the sites from which condensation of the E-chromosomes starts. It is, however, 
not excluded that the sites of differentiation bear no relationship with the kineto- 
chores, their locations being different in various E-chromosomes. 


Neither during nor after. differentiation do the E-chromosomes 
exhibit any tendency towards conjugation or loose association of the 
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somatic pairing type. The structure of the E-chromosomes also does 
not indicate that any conjugation had taken place during early stages 
of oocyte growth. Although counting of the E-chromosomes in this 
stage of oogenesis is very difficult, their number was several times found 
to be about 16. Thus, it may be assumed, that at prophase of oogenesis 
in M. fagi the E-chromosomes are univalent from the moment of their 
appearance. 


Te tad 








Figs. 25—29. Diplotene. Production of nucleoli by S-chromosomes. Against the back- 
ground of the diffusively staining inner part of the nucleus bivalents and nucleoli are 
visible. Only in Fig. 27 the lamellar structure of the inner part of the nucleus is still 
visible. Figs. 25—26. In the outer part of the nucleus univalent E-chromosomes are 
distinctly visible. Figs. 25 and 27: gentian violet. Figs. 26, 28 and 29: hematoxylin. 
x 2250 

Towards the end of the period of differentiation of E-chromosomes 
the inner part of a nucleus is either situated nearly in the middle of the 
latter (Figs. 31 and 33) or shifted towards its periphery (Figs. 30 and 32). 
This shift seems, however, not to be related to the position of the nutritive 
chamber. The inner part of the nucleus now takes the shape of an ellipsoid 
and can be diffusely stained by such dyes as gentian violet or light 
green (Fig. 24). Sometimes the occurrence of fibrillar or lamellar struc- 
tures (Fig. 27) can still be observed in this stage. Soon, for the first 
time since the beginning of prophase, nucleoli appear. They are produced 
in the inner part of the nucleus. Doubtlessly the bivalent S-chromosomes 
are responsible for their production. The figures, as the one shown in 
Fig. 32, indicate that at least two bivalents are nucleolus-producers. 
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Figs. 30—35. Diplotene. Position of inner part of nucleus and of condensing E-chromosomes 
in relation to each other before (Figs. 30—31) and soon after the beginning of nucleoli 
formation by the S-chromosomes (Figs. 32—33). Fig. 34. E-chromosomes, originally 
equally distributed in outer part of nucleus, now come iato contact with the surface of 
the inner part of the nucleus. Fig. 35. E-chromosomes after inclusion in inner part of 
nucleus gradually lose their stainability. No perceptible changes occur in the appearance 
of S-chromosomes at this time. Figs. 30—31 and 34—35: hematoxylin. Figs. 32—-33: 
gentian violet 
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After the nucleoli have attained a certain size, their contact with the 
bivalents is broken. They then remain either completely imbedded in 
the substance constituting the inner part of the nucleus (Figs. 25, 26, 
and 33) or protrude more or less from it (Figs. 28, 29, and 32). Although 
such a behaviour of the nucleoli might be an indication of their 
movement towards the periphery, they have never been found in the 
outer part of the nucleus during this stage of oocyte growth. The fact 
that the occurrence of the nucleoli is restricted to the inner part of the 
nucleus is further evidence of the lack of any activity of the E-chromo- 
somes in nucleoli production. Each of the nucleolus-forming bivalents, 
from which a nucleolus has moved off, starts producing new one. In 
this way, by the end of the first period of oocyte growth some 5 or 
6 nucleoli can be present in the inner part of the nucleus. 

During the initial period of nucleoli production the E-chromosomes 
still occur in the form of long, slightly twisted threads, dispersed at 
random in the outer part of the nucleus. Their behaviour and distribu- 
tion in the nucleus do not indicate any relation to its inner part (Fig. 32). 
Towards the end of the first stage of the oocyte growth, however, this 
changes completely, when the E-chromosomes, while still showing no 
change in appearance, start to move towards the inner part of the 
nucleus (Fig. 33) and come eventually into contact with it. Then they 
twine themselves around it, frequently in such a way that at first only 
their middle parts are in contact with it, while their ends are outward 
bent (Fig. 34). Only after they have come quite close to the inner part 
of the nucleus, they adhere completely to its surface (Fig. 36). 

While in the stage under discussion the inner part of the nucleus 
assumes a less regular shape, its size increases and its outline becomes 
less distinct. This possibly is the result of resumed production of 
perichromosomal substance which now surrounds the E-chromosomes 
accumulated on the surface of the inner part of the nucleus (Fig. 37). 

As a result of these processes the inner part of the nucleus 
becomes a complex body, still containing in its interior the nucleoli- 
forming bivalents which now are surrounded by univalents. Both are 
immersed in a homogeneous substance. No traces of the border line 
of the original inner part of the nucleus containing only the bivalents 
are visible. Soon after entering the inner part of the nucleus the E- 
chromosomes, unlike the S-chromosomes, gradually become diffuse 
(Fig. 35). While only faintly stained chromatin granules can be seen 
of the E-chromosomes, the S-chromosomes are still deeply stained 
(Fig. 38). 

Summing up, it seems possible to state that the process of gradual 
differentiation of the nucleus, commencing at the end of the first period of 
oocyte growth, leads to the incorporation of all E-chromosomes in the 
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Figs. 36—41. Fig. 36. E-chromosomes come into contact with the surface of the inner 
part of the nucleus. Fig. 37. The process of E-chromosomes inclusion into the inner part 
of the nucleus is associated with the appearance of a perichromosomal substance on their 
surface. Fig. 38. After incorporation into the inner part of the nucleus E-chromosomes 
lose their stainability. Fig. 39. Beginning of diffuse stage. Within the inner part of the 
nucleus, with the exception of nucleolus, weakly staining bivalents are still visible. Figs. 40 
and 41. Diffuse stage. Period of intensive nucleoli production. Both the border of the inner 
part of the nucleus and the border between nucleus and cytoplasm are scarcely visible 
during this period. Figs. 36—38: hematoxylin. Figs. 39—41: gentian violet. x 2250 
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inner part of the nucleus. The process involves a characteristic recon- 
struction of the oocyte nucleus, resulting in its differentiation into two 
parts: an inner part which contains both the S- and the E-chromosomes, 
and an outer part which differs in structure from the former and 
contains no chromosomes. 

b) The second period of the oocyte growth. The stage when in the inner 
part of the nucleus only S-chromosomes can be seen can be considered 
as start of the second period of the oocyte growth in Mikiola fagi. 
This stage precedes the period of very rapid growth of the nucleus and 
of the whole oocyte as well, which is accompanied by gradual resorption 
of the nutritive chamber. 

A phenomenon, frequently observed at the beginning of the second 
growth period, is the fusion of the nucleoli into one large nucleolus. 
It can usually be seen, that one or two bivalents are still in contact 
with the surface of this nucleolus (Fig. 39). 

This stage, however, does not last long. Soon an enhancement of the 
nucleoli-forming activity of the still visible bivalents can be observed. 
This time the activity is manifested by a very rapid production of 
nucleoli of various sizes. As the number of nucleoli increases they 
gradually move from the inner part of the nucleus towards the nuclear 
membrane (Fig. 40). In this stage the boundary line between the 
nucleus and the adjacent layer of cytoplasm becomes very indistinct 
and is sometimes impossible to trace. 

Soon after the start of the intense production of nucleoli the bivalents 
pass into a diffuse stage. Simultaneously, the inner part of the nucleus 
loses its stainability and its border lines become almost invisible. This 
is the only prophase stage, when the inner part of the nucleus loses its 
hitherto quite pronounced character (Fig.41). Judging from the number 
of nucleoli the stage corresponds to a maximum of nucleoli-forming 
activity of chromosomes. It is, of course, not possible to detect 
whether it is the S-chromosomes only that continue to produce 
nucleoli in this stage or whether the E-chromosomes also take part in 
the process. 

The nucleus, which has had an elliptical shape, corresponding to the 
flattened, crescent-shaped oocyte becomes spherical with the now be- 
ginning of rapid growth the oocyte. The nuclear border-line is distinct 
again, and on its surface appear small indentations (Fig. 43). Nucleoli are 
the only elements in the nucleus which at this stage can be stained with 
gentian-violet. All the rest of the nucleus when stained with this dye is 
yellowish-brown and shows no structure. However, after staining with 
iron hematoxylin the nucleus is not homogenous at this stage. In nuclei 
stained in such a way a nearly homogeneous peripheral part can be 
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distinguished, and against its background a spherical structure, having 
an irregular contour, is faintly visible in the centre. This structure 
seems to be composed of numerous, closely packed vesicles (Fig. 43). 
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Figs. 42—46. Figs. 42—44. Diffuse stage. Successive stages of the nucleus transformation 

in the second period of oocyte growth. The inner part of the nucleus is formed as if composed 

of intranuclear karyomeres. Fig. 45. Beginning of condensation of bivalents. Fig. 46. 

Early diakinesis. In this stage only bivalents are visible. One of them with three chiasmata 
can be seen. Fig. 42—44. Hematoxylin. Figs. 45—46. Gentian violet. x 2250 


There is no doubt that there is a differentiation of the nucleus there, 
analogous to that occurring at earlier prophase. Thus, the peripheral 
part of the nucleus observed, is a zone of nuclear sap free from chromo- 
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somes, while the central structure is the changed inner part of the 
nucleus, which contains all the chromosomes. Observations of later 
prophase stages fully confirm this interpretation. 

It seems rather unlikely that the differentiation of the nucleus observed is of 
secondary character. It should rather be assumed that during the initial period 
of the diffuse stage the inner part of the nucleus retains its individuality, although 
this is difficult to demonstrate. 

The growth of the nucleus during the diffuse stage is accompanied 
by further changes in its structure. After staining with iron hematoxylin 
the changes are most pronounced in the inner part of the nucleus, which 
is now divided into numerous distinctly separated areas (Fig. 42). The 
latter, seem to be the previously observed vesicles, deformed as a result 
of their close packing. The inner part of the nucleus does not grow 
at the same rate as the whole nucleus, and this leads to a gradual 
broadening of the peripheral zone of the nuclear sap. Simultaneously, 
flocculent aggregations of a lightly stainable substance appear in 
the latter zone (Figs. 42 and 44). Towards the end of the diffuse stage 
each of the vesicles in the inner part of the nucleus becomes spherical, 
so that the whole inner part appears as an aggregate of intranuclear 
karyomeres (Fig. 44). During this and the preceding period of the 
diffuse stage this structure can be observed distinctly only when 
using iron hematoxylin. If stained with gentian violet the whole nucleus 
appears very faint, and both the border lines and the vesicles of the 
inner part of the nucleus are quite difficult to distinguish. 

During these phases of growth of the oocyte nucleus the nutritive chamber 
is almost fully resorbed, the only trace left of it is a small aggregate of pycnotic 
nuclei, situated at one pule of the egg. Later, the rest of the nutritive chamber 
undergoes a complete degeneration. 

While the oocyte is still growing and gradually attaining a cylindrical 
shape, the condensation of chromosomes in the inner part of the nucleus 
starts. At the beginning of this process some of the chromosomes, as 
can frequently be seen, appear in direct contact with the nucleoli (Fig. 45), 
which still are present in considerable numbers in both parts of the 
nucleus. Already at this stage it is clearly evident that only a few 
chromosomes become condensed. Shortly thereafter the four bivalents 
are visible in a form characteristic of diakinesis (Figs. 46 and 47). 
At this stage they are the only chromosomes observeable in the nucleus, 
but the appearance of the S-chromosomes is only slightly ahead of the 
condensation of the E-chromosomes. Soon, the latter can also be recog- 
nized in the inner part of the nucleus (Fig. 48). There can be no doubt, 
that in the diffuse stage the univalent E-chromosomes have undergone 
a substantial shortening, although they still appear as rather long 
threadlike elements located in the peripheral zone of the inner part of 
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the nucleus. Towards the end of the differentiation process of the 
E-chromosomes an increasing condensation of the bivalents takes place 
(Fig. 49). 

Owing to scarcity of material containing oocytes in this prophase 
stage, it was not possible to establish whether condensation of the 
S- and the E-chromosomes proceeds, as it seems possible, in separate 
vesicles, or whether the boundaries between the vesicles disappear and 
their contents fuse to form a common medium for all chromosomes. 








Fig. 47. Early diakinesis. Within the inner part of the nucleus four bivalents are visible. 
Gentian violet 


The bivalents which appear at the end of the diffuse stage are 
mostly ring-shaped. This is consistent with the fact that in each of the 
diplotene bivalents two chiasmata are usually present. The presence of 
one or two nodes in ring-shaped bivalents (Figs. 47 and 49) indicates 
that the connection of the partners is, most likely, still of chiasmatic 
character and that the positions of the chiasmata are subterminal. 
Sometimes, however, there are no signs of such chiasmatic connections 
and the chiasmata seem to have undergone complete terminalization 
(Fig. 47). The appearance of a rod bivalent in Fig. 48 may be evidence 
of a complete terminalization of at least one chiasma and of the separation 
of the arms linked before by a chiasma. 

As in the earlier prophase stages, also in this stage the bivalents 
undergo changes in advance of the E-chromosomes. The condensation of 
bivalents proceeds very rapidly and soon they become spherical, compact, 
readily stainable bodies, in which, however, the split between homologous 
chromosomes can still be seen (Figs 50 and 52). At the same time the 
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Figs. 48—-49. Diakinesis. Condensation of E-chromosomes. While the bivalents show a 
high extent of condensation, the univalents still occur as relatively long and fine threads. 
All chromosomes assembled in the inner part of the nucleus. Gentian violet 
51* 
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E-chromosomes in spite of progressive condensation, still appear as 
elongated elements (Fig. 50). Frequently some deeply staining nodes 
can be seen located along the univalents, the internodes appearing as 
less deeply stained constrictions (Fig. 51). The E-chromosomes, in spite 
of a rather weak condensation, do not show chromatid splits, as they 
have been found by Wutrte (1950) in Phytophaga celtiphyllia. 
Condensation of the E-chromosomes soon transforms them into small 
rods uniformly stained over their entire length (Fig. 53). This is the 
stage, when the difference in length between various E-chromosomes 
is most pronounced. The longest one is nearly twice as long as the 
shortest ones. Exact classification as to different lengths was not pos- 
sible, because they rarely were found lying in a focal plane but had mostly 
oblique positions. As the condensation of univalents proceeds, the inner 
part of the nucleus becomes spherical. Simultaneously its substance 
thickens, becomes opaque, is easier visible and distinctly contrasts 
with the wide, granular peripheral zone of nuclear sap (Fig. 55). 
In this stage the diameter of the inner part of the nucleus is 11.7 + 0.1 yw. 
It seems as if it consists of a number of more or less delimited, chromo- 
some-containing areas (Fig. 54). This might possibly be the result ot 
fixation. On the other hand, the observed structure of the inner part 
of the nucleus might be an evidence of the differentiation of chromosomes 
from vesicles present during the diffuse stage, the inner part of the 
nucleus now consisting of the condensed karyolymph of the latter. 
Towards the end of the second period of the oocyte growth the 
univalents and the bivalents are condensed nearly to the same degree, 
and only some of the univalents are still slightly elongated (Fig. 55). 
The nucleoli have completely disappeared both in the inner and the outer 


parts of the nucleus. 


2. Prometaphase 


Disappearance of the nuclear membrane and, similar to oogenesis of 
other Cecidomytidae species (WHITE 1950), a considerable contraction 
of univalents are the first signs of transition from diakinesis to prometa- 
phase. After the disappearance of the nuclear membrane both parts of 
the nucleus still retain their characteric properties although each of them 
has undergone considerable changes. Thus, the outer zone of the nucleus 
becomes more compact and its granular structure disappears. At the 
same time it becomes thinner, which seems to be the result of the gradual 
dispersion of its peripheral layers in the surrounding cytoplasm (Fig. 57). 
This process, however, is rather slow, since even at the end of prometa- 
phase, which, judging from the frequency of its occurrence, lasts long, 
the remainder of that part of the nucleus can still easily be observed. 
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As a result of contraction, both the bivalents and the univalents are 
transformed into compact, spherical bodies of various sizes. Only the 
smallest of the chromosomes observed during this stage can be identified 





Figs. 50—54. Diakinesis. Fig. 50. Greatly condensed bivalents and univalents still relatively 

long. Fig. 51. One of the univalents in a stage analogous to that of Fig. 50. Fig. 52. 

The difference in degree of condensation of bivalents and univalents gradually decreases 

in later diakinesis stages. Some univalents and one bivalent visible in focal plane. Fig. 53. 

Differences in length of univalents. Fig. 54. Inner part of the nucleus consisting of a number 

of more or less distinct areas in which mostly a single chromosome lies. Gentian violet. 
x 2250 


as univalents. The rest of the univalents, as far as their size and shape 
is concerned, do not differ from the bivalents. Thus, the distinction 
between both types of chromosome at this stage is not possible. 
During the initial period of prometaphase any indications of spindle 
formation are lacking (Fig. 56). Only some time after the disappearance 
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of the nuclear membrane, when the process of degradation of the outer 
part of the nucleus is already well advanced, the inner part of the 
nucleus undergoes a distinct contraction and becomes a regular sphere 





Figs. 55—59. Fig. 55. Late diakinesis. The difference in degree of condensation between 
bivalents and univalents has almost completely disappeared. Fig. 56. Early prometaphase 
directly after disappearance of the nuclear membrane. The thickness of the outer part 
of the nucleus gradually decreases. Bivalents and univalents now appear as highly compact 
spherical bodies. Figs. 57—58. Inner part of nucleus transformed to a spindle. Bivalents 
with kinetochores oriented towards the poles now lie in the equatorial plane. Univalents 
uniformly distributed on spindle surface. Fig. 59. Prometaphase stretch of bivalents lying 
in the equatorial plane. Similarly as in Fig. 58 some of the univalents lie in very close 
neighbourhood of or even on the spindle pole. Figs. 55, 56, 58, and 59: gentian violet. 
Fig. 57: hematoxylin. x 2250 





(Figs. 57 and 60). Thereafter the border line between the inner and 
outer parts of the nucleus becomes very distinct, while the diameter 
of the inner part of the nucleus is now only 10.5+0.1u. Simulta- 
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neously with the contraction process a fibrillar structure appears in the 
karyolymph which occupies the inner part of the nucleus. This structure 
is the spindle. Size and shape of the developing spindle coincide 





Fig. 61. Appearance of prometaphase spindle with bivalents already in the equatorial plane. Both 


¥ig. 60. Early prometaphase. Prometaphase stretch of bivalents after transformation of the inner part of the 
before and after congression of bivalents, the univalents are uniformly dispersed over the entire spindle surface. Hematoxylin 





nucleus into a spindle. 


Figs. 60 and 61. 


exactly with those of the inner part of the nucleus. It seems as if the 
latter were directly transformed into the spindle. It should also be kept 
in mind that during the formation of the spindle the inner part of the 
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nucleus still remains surrounded by a rather thick layer of the outer 
zone of the nucleus (Fig. 57). Simultaneously with the appearance of 
the spindle, separation of the kinetochores of the bivalents takes place; 
their further movement in the opposite directions leads to the prometa- 
phase stretch of the bivalents (Fig. 60). The prometaphase movement of 
kinetochores is not accompanied, however, with any change in the length 
of the spindle which in Mikiola fagi keeps its spherical shape for a 
considerable part of prometaphase. Although during the prometaphase 
stretch the kinetochores gradually undergo quite distinct co-orientation, 
the directions of their movement, judging from the positions of the 
bivalents with regard to one another, are not always identical (Fig. 60). 
There is no doubt that the prometaphase stretch is a result of interaction 
between kinetochores and the developing spindle. Thus, since the kine- 
tochores of different bivalents do not move in quite the same direction, 
it seems probable that a strict bipolarity of the developing, centriolless, 
intranuclear spindle in M. fagi is lacking. 

The bivalents, which in the initial period of prometaphase had no 
definite positions in relation to the equatorial plane, now start moving 
towards it. The movement may be accompanied by the contraction of 
the bivalents. Soon all the bivalents are assembled in the middle of 
the equatorial plane of the spindle (Fig. 57). The bivalents now appear 
mostly as long rods (Fig. 58), in which splits separating homologous 
chromosomes can sOmetimes be observed (Fig. 61). The shape of the 
bivalents located in the equatorial plane indicates that their kineto- 
chores are rather far apart from each other. Although the shape of the 
spindle still shows no change, the movement of the bivalents towards 
the equatorial plane and their regular arrangement in it (Figs. 57, 58, 
and 61) are indications that the bipolarity of the spindle has been 
established. 

Owing to the prometaphase contraction of the inner part of the 
nucleus and to the simultaneous appearance of the spindle, the uni- 
valents are displaced towards the surface of the latter. During the 
prometaphase stretch and the subsequent movement of the bivalents 
towards the equatorial plane the general pattern of distribution of the 
univalents shows no further change (Figs. 57, 58, 60, and 61). Both 
before and after the arrangement of the bivalents in the equatorial plane, 
the univalents remain quite uniformly distributed on the spindle surface 
with no indication of a concentration near the equatorial plane. 

The univalents most frequently occupy the positions just at the 
border line between the spindle and the gradually disappearing outer 
part of the nucleus. In some cases, some of the univalents undoubtedly 
seem to be located outside the spindle, in the outer zone of the nucleus 
(Figs. 62 and 63). The occurrence of any fibres between the univalents 
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and the poles could not be demonstrated!. Not infrequently some of 
the univalents are quite close to, if not located at the spindle poles 
(Figs. 58—62). 

The bipolarity of the spindle, which hitherto could only be deduced 
from the behaviour of the bivalents and from the increasing regularity 
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Figs. 62—65. Prometaphase. Fig. 62. Early prometaphase. Fig. 63. Prometaphase stretch 
of bivalents already in the equatorial plane. Some of the univalents lie in the outer part 
of the nucleus without any visible link with the spindle. Similarly asin Fig. 65. Linear 
associations of univalents are visible. Fig. 64. Late prometaphase. The number of uni- 
valents in the region of the poles has diminished. Fig. 65. Late prometaphase shortly before 
the formation of the metaphase plate. Outer part of nucleus already considerably reduced. 

Gentian violet 


in the arrangement of its fibres, can now be observed by the gradual 


change of its shape. Thus, the spindle, initially still rather spherical 
(Figs. 59 and 62), becomes more and more elliptical and at the end of 


1 This, however, would be difficult to establish since in that stage the remaining 
outer zone of the nucleus is of fibrillar structure, somewhat similar to that of the 
spindle. 
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prometaphase has the shape of a typical anastral spindle, with more 
or less flattened ends (Figs. 65 and 67a). The spindle diameter decreases 
during the above transformation. Before metaphase plate formation it 
measures only 7.3+0.l1yu. Although the length of the spindle is dif- 
ficult to determine accurately, there can be no doubt that, as the diameter 
of the spindle decréases, it becomes more and more elongated. 





Figs. 66—69. Late prometaphase. Fig. 66. Polar view of the group of bivalents within 
the spindle center. The number of univalents in the equatorial part of the spindle to- 
wards the end of prometaphase has increased. Figs. 67a, b, 68. Associations of linearly 
arranged univalents. Fig. 69. Stage immediately preceding the formation of the metaphase 
plate. Figs. 66, 68, and 69: gentian violet. Figs. 67a and 67b: hematoxylin x 2250 


Both, at the beginning of spindle elongation and during the process 
itself bivalents can frequently be observed which are located in the 
equatorial plane and show astrong prometaphase stretch (Figs.59 and63). 
The number of stretched bivalents is different in various spindles. 
Towards the end of prometaphase all the bivalents show nearly the 
same degree of concentration and appear in the form of cigar-shaped 
bodies, some of which have slight constrictions in the middle (Figs. 65 
and 69). Bivalents retaining at prometaphase or metaphase the length 
they had had at late prophase have been seen only rarely. 

During the initial period of spindle elongation no visible changes in 
the distribution of the univalents can be seen (Fig. 62). However, as 
the process goes on the univalents move slowly towards the equatorial 
plane. This can be seen from an increasingly lower number of chromo- 
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somes near the poles and from their gradual congregation at the equator 
(Fig. 64). The univalents seem to move towards the equatorial plane 
from their initial positions on the surface of the spindle or just under its 
surface. In that way the univalents, after reaching the equator which 
is determined by the positions of the bivalents, always arrange them- 
selves at the circumference of the metaphase plate (Fig. 66). The 
movement towards the equatorial periphery is often accomplished in 
a peculiar manner. Two, three or even four univalents follow each other 
in lines parallel to the spindle fibres (Figs. 63, 65, 67a and b, and 68). 

As the formation of the metaphase plate proceeds, the univalents 
disappear more and more from the outer zone of the nucleus. There can 
be no doubt that their kinetochores gradually come into contact with 
the spindle, and then show a normal response to the forces which are 
acting in the spindle and which are responsible for the formation of the 
metaphase plate. It happens only rarely that some of the univalents 
present in the outer zone of the nucleus do not come into contact with 
the spindle and are not included among the chromosomes constituting 
the metaphase plate. 

3. Metaphase 


a) Metaphase plate. The decrease of the spindle diameter, initiated 
at early prometaphase, proceeds during the formation of the metaphase 
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Figs. 70—71. Metaphase. Figs. 70a and b. Regular metaphase plates. In Fig. 70a two 
univalents outside the spindle. Fig. 71. Side view of metaphase plate. Some of the 
univalents lie above each other. Gentian violet 


plate. At metaphase the spindle diameter is as small as 6.5+ 0,06u. 
The remaining outer zone of the nucleus which could still be observed 
at the beginning of metaphase soon disappears completely. 

In the first metaphase of Mikiola fagi (Figs. 70 and 72) the bivalents 
are always located inside the equatorial plate, the univalents on its 
periphery; however, the number of the latter, when viewed from 
above, varies within a wide range (Figs. 72a and b). In the initial period 
of the present work, this was the cause of misunderstanding and erroneous 
interpretations. This variation can be explained as follows: (1) the 
linear arrangement of the univalents, observed during late prometa- 
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phase persists in metaphase. Thus, not all the univalents are located 
exactly in one plane. Some of them are still exactly one above another, 
which frequently simulates the beginning of anaphase separation of 
homologous chromosomes (Fig. 71). (2) As mentioned before, some of 
the univalents, present during prometaphase in the outer part of the 
nucleus, do not participate in the formation of the metaphase plate and 
are located outside the spindle (Fig. 70a) at different heights with respect 
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Figs. 72—-74. Metaphase and metaphase elimination of univalents. Fig. 72a—c. Appear- 
ance of metaphase plates before elimination of univalents. Figs. 73. Side view of regular 
metaphase plate. Fig. 74. Elimination of univalents from spindle. Gentian violet. x 2250 


to the equatorial plane of the spindle. (3) During metaphase, neigh- 
bouring univalents stick together for some time (Fig. 72), which makes 
exact determination of the number of chromosomes in the plate very 
difficult. 

Nevertheless, metaphase plates with nearly regular arrangements of 
their univalents (Figs. 70b and 72a) can often be found. 

Both, during the prometaphase movement of the univalents towards 
the equatorial plane and after metaphase plate formation, the position 
of the spindle axis with respect to the surface of the egg remains variable. 
At metaphase the position of the spindle may be vertical, inclined or 
even tangen.i.l to the surface of the egg. 

The metaphase plate which forms in the pupa of MW. fagi long before 
the adult emerges from it is rather an unstable system and does not 
represent, while in the above forms, any starting point for the maturation 
divisions. 
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b) Elimination of the E-chromosomes and their behaviour outside the 
spindle. Neither signs of incipient anaphase movement of chromosomes 
nor any change in the appearance of both spindle and metaphase plate 
itself indicate the start of a new process which brings about drastic 
changes in the positions of the bivalents and univalents with respect to 
one another. This process starts with the sudden elimination of the 
univalents from the spindle. The elimination seems to proceed very 
rapidly. Most frequently all the univalents present in the metaphase 
plate are eliminated. The process of the elimination of univalents takes 
place in all eggs. When, as in some cases, some univalents remain in the 
spindle, then they are displaced from their initial positions (Figs. 76 
and 86). 

In slides which happen to show the very moment of elimination 
the univalents can be seen ejected from the spindle in different 
directions (Fig. 75), in extreme cases nearly exactly in the horizontal 
plane (Fig. 74). Ejected univalents can be found at different distances 
from their spindle. Usually, the distance is from a few to some 
20 microns!. The contact of the univalents with the spindle is inter- 
rupted during their elimination into the cytoplasm. There were no 
connections observable between the eliminated univalents and the 
spindle, as is the case with spermatocytes of Humbertiella indica where 
HucuHeEs-ScHrADER (1948) did find a chromosomal fibre, connecting 
the expulsed X chromosome with one of the spindle poles. The 
behaviour of univalents in Mikiola fagi during the further stages also 
indicates the lack of any structural bond between them and the spindle. 

The position of the bivalents during the elimination of univalents 
and the following stage remains unchanged. They still occupy the middle 
part of the equatorial plane. As during the earlier stages the spindle 
part with the bivalents is surrounded by a layer of continuous fibres. 

In the stage which follows the elimination of univalents, the bivalents 
usually are of various shapes. Most frequently they appear as spindle- 
like, more or less elongated bodies (Fig. 91), although they may often 
be strongly stretched, and some of them frequently show only a thread- 
like connection between their homologous chromosomes which have 
moved apart (Fig. 90) for a distance similar to that in prometaphase 
stretch. Such a separation, although to a lesser degree (Fig. 74), was 
also observed in earlier stages. 

Owing to variations in the spindle diameter during all stages of oogenesis, and to 


the fact that the author had only few slides showing the moment of elimination of 
the univalents, it is rather difficult to state if and to what extent the elimination 


1 Thus, my earlier statement (MATUSZEWSKI 1960) that univalents are often 
scattered in the cytoplasm within a radius of 30—40 y, should be corrected. The 
srroneous measure of the distance is to be attributed to the fact that the obser- 
vations were at first made on strongly squashed eggs. 
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Figs. 75—78. Fig.75. Metaphase elimination of E-chromosomes from the spindle. 

Figs. 76—78. Various cases of dispersion of E-chromosomes eliminated from the spindle. 

Fig. 76. Not all E-chromosomes have been eliminated. A change is observed in the position 

of the non-eliminated E-chromosomes. Fig. 77. Shift of eliminated chromosomes to one 

side of the spindle. Fig. 78. The elimined univalents migrate towards the surface of the egg. 
Gentian violet 


was accompanied by changes in the spindle itself. Nevertheless, any changes in 
the structure or shape of the spindle, both during the elimination and before it, 
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seem very improbable. It is believed that a further, substantial decrease in the 
spindle diameter occurs only after a certain period of time after the elimigation. 
The pattern of distribution of the univalents in the cytoplasm may be an indication 
of this. During the post-elimination period the spindle diameter decreases to 
4.8+ 0.09, and then remains constant until the stage preceding maturation 
divisions. Nevertheless it remains still larger tian that of the area in the spindle 
occupied by the group of bivalents. 

Soon after elimination, the univalents are dispersed in the cytoplasm 
surrounding the spindle. The direction of their movement seems to 
depend on accidental forces, which result in their irregular and random 
distribution (e.g. Figs. 76 and 78). In the course of time, however, 
some regularities in the behaviour of the univalents can be observed. 
Thus, while still widely dispersed, the univalents slowly migrate towards 
the surface of the egg (Figs. 79 and 80). Moreover, in a number of 
cases prior to this migration towards the surface of the egg, the uni- 
valents moved towards one side of the spindle (Fig. 77 and 92). In spite 
of the considerable number of slides examined the author failed to 
establish factors responsible for the behaviour of the univalents in either 
of the cases. Anyhow, it seems certain that the orientation of the axis 
of the spindle containing the bivalents, which was found to vary con- 
siderably with respect to the egg surface, plays no role here. 

No matter how the univalents have behaved in the cytoplasm, the 
end effect is always the same. Distances between the scattered uni- 
valents now gradually decrease, and soon they form a group situated 
close to the spindle. Usually at that time the univalents form a compact 


-group (e.g. Figs. 93 and 95), although cases were observed where the 


group either was extended in the horizontal plane over a rather iarge 
area (Fig. 82) or was divided into two usually unequal parts (Figs. 81 
and 83). When the spindle is inclined or vertical to the egg surface, 
the group of univalents most frequently lies either at the height of the pole 
directed towards the egg surface, or slightly above the equatorial plane 
of the spindle (Figs. 84, 93, and 94). When the spindle is in a tangential 
position, the univalents gather either under the surface of the egg, at 
one of the spindle poles (Figs. 81 and 96) or between the spindle and the 
surface of the egg (Fig. 85), depending on the distance between the 
spindle and the surface. Cases with tangentially oriented spindle located 
between the group of univalents and the egg surface, are rather excep- 
tions (Fig. 87). 

The arrangement of the univalents, united in this separate group, 
cannot be considered as random. It is often like the arrangement of 
chromosomes in a metaphase plate. In other words, most of the chromo- 
somes of the group lie nearly in one plane (e.g. Fig. 95). Soon the 
similarity between the arrangement of the univalents in the group and 
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Figs. 79—81. Figs. 79—80. The still dispersed univalents assemble under the egg surface. Fig. 81. Univalents 
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that of the chromosomes in the metaphase plate becomes still more 
pronounced, when fibrous, spindle-like structures appear in the cytoplasm 
near each of the groups of the univalents. The similarity between these 
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structures and ordinary mitotic spindles is evidenced not only by the 
presence of fibres in the former, but also by their spindle-like shapes. 
The only difference is that the arrangement of the fibers in them 
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Figs. 82—-85. Formation of groups of eliminated univalents in the neighbourhood of the 
spindle. Gentian violet. See text for details 


is less regular than in the bivalent-containing spindle. Thus, we are 
in a position to observe the formation of additional mitotic figures 
by the univalents eliminated into the cytoplasm; this process is not 
preceded by the formation of interkinetic nuclei. In accordance with 


Chromosoma (Berl.), Bd. 12 52 
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what has been said about the behaviour of univalents after their elmina- 
tion from the spindle, the presence of one additional mitotic figure in the 
egg is the most frequent case (Figs. 86 and 97). The presence of two 
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Figs. 86- 89. Formation of additional spindles containing eliminated univalents. Such 
spindles are formed for each group of univalents. Gentian violet. See text for details 


or three additional mitotic figures (Figs. 87-89, and 98) can be observed 
only rarely. The univalents are, as a rule, situated in the equatorial 
zones of spindle-like structures, their arrangement is, however, usually 
irregular. In some cases, apart from additional mitotic figures, some 
dispersed univalents can be seen in the cytoplasm of the egg (Fig. 87). 
The diameters of the additional spindle-like structures, unlike that of 
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the spindle containing the bivalents, are equal to the diameters of the 
chromosome groups, which they contain. The axes of additional mitotic 
figures are oriented mostly parallel to the axis of the bivalent-containing 
spindle (Figs. 86, 88, and 97) or, in some cases, they form angles with it 
(Fig. 89). Only when a tangentially oriented bivalent-containing 
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Figs. 90—98. Fig. 90. Spindle with bivalents after elimination of E-chromosomes. Figs. 91 
and 92. Spindle and eliminated univalents in the course of migration to egg surface. 
Figs. 93-96. Spindle and neighbouring group of eliminated E-chromosomes. Figs. 97—98. 
Spindle with bivalents and one (Fig. 97) or two (Fig. 98) additional spindles formed by 
groups of eliminated E-chromosomes. Gentian violet. x 2250 





spindle is located between a group of univalents and the surface of the 
egg, the axis of the additional mitotic figure is vertical to the spindle 
axis (Fig. 87). 

c) Return of the E-chromosomes on the spindle. The stage when 
additional mitotic figures occur lasts for a rather long time, until the 
adults start emerging from the puparia. Then the configuration of chro- 
mosomes in the egg undergoes a new, striking change. Eggs, shortly before 
they are laid, and newly laid eggs as well, no longer contain additional 
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mitotic figures. Presently, only one spindle can be observed in the egg 
which includes again the bivalents and the univalents. 

The period from the moment when the first sign of univalent elimina- 
tion from the spindle is observable to the moment when imagos emerge, 
is relatively long and lasts in Mikiola fagi, under the conditions pre- 
viously described, at least several weeks. Within the above period of 
time the number of eggs in the stage of univalent elimination and of 
formation of additional mitotic figures gradually increases, while the 
frequency of metaphase plates containing univalents decreases both 
intra- and interindividually. Towards the end of this period univalent- 
containing metaphase plates are no longer present. On the other hand, 
after adults have emerged, the stage characterized by the presence of 
additional mitotic figures becomes increasingly rarer, whereas the 
number of eggs with only one spindle increases. The above observations, 
as well as the appearance and diameter of the spindle and the distribution 
of the univalents on the spindle, exclude the possibility that there are 
eggs in M. fagi in which the process of elimination of univalents from 
the metaphase plate has been omitted, which would infer that if only one 
spindle is present in the egg after the imagos have emerged it is an egg in 
which the above elimination has not taken place at all. Thus, the con- 
clusion seems reasonable that the reorganization which takes place in the 
egg before maturation divisions, but after the emerging of imagines, 
consists in the disappearance of the additional spindle and in the inclusion 
of the univalents in the bivalent-containing spindle. The above processes 
must proceed at a considerable speed, for they have never been observed. 

The only spindle now present in the egg is as a rule in a position 
vertical to the egg surface. It follows from this, that at the time, 
when the univalents join the spindle containing the bivalents, the spindle 
often undergoes rotation, dependent upon the initial position of its axis. 

The arrangement and the appearance of the bivalents in the spindle 
during all these transformations remain unchanged. They still occupy the 
middle of the equatorial plane of the spindle. The diameter of the 
spindle, after the univalents have entered it, increases to 5.5 + 0,08 w. 

The fluctuations in the spindle diameter during oogenesis in M. fagi 
are difficult to explain. It is, however, possible that this last increase 
is a result of the fusion of the spindles. 

After joining the spindle the univalents are distributed only on the 
surface of the spindle. This arrangement is similar to that after the 
formation of metaphase plate at the end of prometaphase, but this 
time it is considerably less regular. 

Only a few of the univalents remain isolated after their re-entry 
into the spindle; the rest of them form several groups, each consisting 
of 2—4 elements (Figs. 101 and 102). The univalents in a given 
group are usually arranged in chains parallel to the spindle axis. This 
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arrangement and the loose contact between the univalents in the chain 
are very much like the configurations of the univalents- during the 
process of the metaphase plate formation at prometaphase. The presence 
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Figs. 99—100. Metaphase shortly before first maturation division. The secondary character 


of the relatively regular metaphase plates is indicated by the presence of univalents 
dispersed in the cytoplasm. Gentian violet. x 2250 


of the groups of univalents on the surface of the spindle and their 
distribution at various heights with respect to the equatorial plane 
account for a very characteristic appearance of the spindle at this stage. 
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Figs. 101—102. Metaphase preceding first maturation division. Univalents joint to the 
spindle after disappearance of additional mitotic figures. Groups of linearly arranged 
univalents lie at various levels on the spindle surface. Gentian violet 


The aggregates of univalents as well as the rare single ones occupy 
positions at the circumference of the equatorial plate of the spindle 
(Figs. 99 and 100) thus forming a secondary more or less regular meta- 
phase plate. In these and in other cases the secondary character of 
such a plate can be inferred from the presence of single univalents 
dispersed in the cytoplasm and frequently situated far from the spindle 
(Figs. 99 and 100). The first maturation division, however, seems mostly 
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not to be preceded by the formation of such a fairly regular metaphase 
plate. On the contrary, patterns of maturation divisions seem to confirm 
the assumption that the distribution of the groups of univalents at 
various heights with respect to the equatorial plane before the division 
is normally only slightly changed. 


4. Maturation divisions 


Under the conditions described on p. 743 which most probably 
occur in numerous cases also in nature, the two maturation divisions 
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Figs. 103—105. Anaphase I. Fig. 103. Groups of E-chromosomes dispersed on interzonal 

part of the spindle. Two univalents still free in cytoplasm. Fig. 104. Anaphase separation 

of two groups of daughter E-chromosomes towards the opposite poles of the spindle. 

Fig. 105. Great elongation of each of the two daughter E-chromosome groups. Gentian 
violet 


take place in laid but unfertilized eggs. The late anaphase stage 
of the first maturation division was the first one the author was able 
to observe in a number of eggs. But, as the patterns of this stage were 
very clear, both the behaviour of chromosomes and changes in the shape 
of the spindle at early anaphase could easily be reconstructed from them. 

a) The S-chromosomes. At late anaphase I (Figs. 103—105) four 
spherical, compact, deply stained bodies are always observed at each of 
the spindle poles. Although their appearance in this stage does not 


Oogenesis in Mikiola fagi 779 


indicate them to be composed of two halves, there is no doubt that 
they are the four dyads resulting from the anaphase separation of the 
S-chromosomes. Judging from their appearance and nearly regular 
arrangement at late anaphase, one can infer that at early anaphase 
their separation proceeds in an orthodox manner. Since the dyads are 
located close to the spindle poles and the spindle is rather long, the 
anaphase movement of the S-chromosomes can be assumed to be accom- 
panied by shortening of the chromosomal fibres and by elongation of 
the spindle itself (comp. Figs. 101—105). 

An interphase stage between the first and the second maturation 
division is lacking. Towards the end of anaphase I, small spindles of 
the second maturation division appear at the two ends of the spindle, 
each of them containing only four S-chromosomes. The axes of the 
spindles are usually continuations of the spindle axis of the first matura- 
tion division. Sometimes, however, they may form slight angles with 
the latter, and in addition, they may lie in not quite the same plane. 
The spherical S-chromosomes now become slightly flattened, each of them 
consisting of two halves (Figs. 106 and 107). After the formation of the 
second maturation division spindles, the S-chromosomes form metaphase 
plates in each of them (Figs. 107: and 110). Soon anaphase II follows, 
during which chromatids of the S-chromosomes move in a quite typical 
manner towards the opposite poles of the spindle. The strongly con- 
densed chromatids take the shape of either somewhat elongated bodies 
slightly bent towards the poles, or of very short, nearly straight rods 
(Figs. 108, 109, and 111). 

During the second maturation division, the S-chromosomes, present 
both in the inner and in the outer spindles, behave very much alike, 
their division being closely synchronized. 

Thus, the S-chromosomes undergo two divisions which proceed in 
an orthodox manner, and result in a numerical reduction. 

b) The E-chromosomes. The E-chromosomes do not accompany the 
S-chromosomes during the normal anaphase movement of the latter. 
At the end of anaphase I, when the spindle attains its maximum length, 
and the S-chromosomes approach its poles, the E-chromosomes lie in 
the interzonal part of the spindle. Although the positions of the E- 
chromosomes respective of one another have changed, this seems to be in 
the first place a result of anaphase elongation of the spindle. They are 
scattered in the elongated spindles mostly in groups of two, three or four 
(Figs. 103 and 110) not as single chromosomes. The groups are most 
probably those formed by the E-chromosomes just before the first 
maturation division (Figs. 101 and 102). Owing to the spindle elon- 
gation, distances between the univalent E-chromosomes in separate 
groups seem to increase only insignificantly. The E-chromosomes 
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still show a high degree of condensation (Fig. 103) during anaphase I 
and probably, therefore, the split between the chromatids cannot yet 
be observed. In some cases some univalents can also be seen outside 
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the spindle (Fig. 103). These are undoubtedly E-chromosomes which 
had been eliminated from the primary metaphase plate and did, for 
unknown reasons, no reenter the bivalent-containing spindle. 
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During the period of time between late anaphase I and the forma- 
tion of the small spindles of the second maturation division containing 
only the S-chromosomes, the spindle of the first maturation division 
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Figs. 110—113. Maturation divisions. Fig. 110. Metaphase II. Inner spindle of second 
maturation division containing S-chromosomes. On the surface of the first meiotic spindle 
lie rows of equationally splitting E-chromosomes. Fig. 111. Anaphase II. Outer spindle 
of second maturation division with dividing S-chromosomes. In the lower part of the 
photograph one of the dividing S-chromosomes is visible in the inner spindle of the second 
maturation division. Fig. 112. One of the anaphase groups of daughter E-chromosomes. 
Figs. 113a and b. Two very elongated anaphase groups of daughter E-chromosomes lying 
at various levels. Figs. 110—112. Gentian violet. Fig. 113. Feulgen. x 2250 


undergoes considerable changes. While it becomes only a little shorter, 
its diameter increases significantly. As a result it becomes a barrel-like 
body with its ends most frequently remaining in contact with the inner 
ends of the two small second maturation spindles. 
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The fibrillar structure of the body is only very slightly manifest. 
But the same can be said of fibres in the spindles of the second matura- 
tion division. No matter whether the fibrillar structure of the trans- 
formed spindle of the first maturation division is easy to distinguish 
or not, there is no doubt that the body has a distinct shape and that it 
differs from the surrounding cytoplasm, and, what is more important, 
that it will serve for a regular distribution of dividing E-chromosomes. 
For this reason in the further description of the behaviour of E-chromo- 
somes the body is still given the name of spindle. 

Most of the observations on the division of the univalent E-chromo- 
somes have shown that it occurs at the time when the S-chromosomes are 
in the metaphase of the second maturation division. The division starts 
with simultaneous splitting of each the E-chromosomes. As a result the 
number of the E-chromosomes increases to 32. The daughter E-chromo- 
somes, thus formed, like the S-chromosomes at anaphase II, are mostly 
short, slightly curved rods. The kinetochores of the dividing E-chromo- 
somes are now not oriented towards the poles of the spindle. This does 
not mean, however, that the positions of the daughter E-chromosomes 
with respect to the poles are quite irregular. On the contrary, in all of 
the cases analyzed the positions of most of the daughter E-chromosomes 
are such, that their long axes are parallel to the axis of the spindle 
(Fig. 106—108). 

The time when the division of the E-chromosomes takes place is 
not definitely fixed. In some cases the division may occur as early as 
during anaphase I, the lag between the above process and the division 
of the S-chromosomes being so insignificant that at late anaphase the 
separation of the E-chromosomes into two groups moving towards the 
spindle poles is already well advanced (Figs. 104 and 105). In all such 
cases the S-chromosomes appear as spherical, compact bodies, thus 
distinctly differing from the E-chromosomes which in typical cases 
divide only when the S-chromosomes are at metaphase II. This speed-up 
of the division of E-chromosomes was found to have no effect on their 
further behaviour, and the end result of oogenesis seems to be the same 
as in typical cases. 

After division of kinetochores the daughter E-chromosomes separate 
slightly from each other in a direction transverse to the spindle axis 
(Figs. 106 and 107). Only now the anaphase movement of the daughter 
E-chromosomes seems to start. The movement consists in a slow 
migration of the chromosomes towards the two poles of the spindle. 
Their kinetochores remain, however, still unoriented. As a result of 
this anomalous anaphase movement each of the chromosomes is most 
frequently oriented towards the pole with one of its ends and not with 
the kinetochore. It was not possible to determine how the E-chromo- 
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somes are connected with the spindle, owing to their small size and to 
difficulties in detecting the fibres of the spindle. 

The small distances between the daughter E-chromosomes after their 
separation in the direction transverse to the spindle axis before the 
anaphase and their anomalous positions in the spindle soon, after their 
anaphase movement has started, cause them to arrange one above 
another, nearly in one line somewhat in an end-to-end grouping. In this 
way shorter or longer chains of daughter E-chromosomes are formed, 
depending on the number of chromosomes in separate groups dispersed 
in various planes in the interzonal part of the spindle at anaphase I 
(Figs. 107 and 108). 

Not all daughter E-chromosomes. start their anaphase movement 
simultaneously. While some of them show the end-to-end orientation, 
others remain in their positions, maintaining their nearly parallel 
arrangement (Fig. 107). 

In accordance with the arrangement of the univalents in the secon- 
dary metaphase plate, the occurrence of chains of the daughter E-chromo- 
somes in the initial period of anaphase is limited to the superficial layer 
of the spindle. That is why curved chains of the E.chromosomes can 
frequently be observed, the curvatures of which correspond strictly to 
that of the spindle (e.g. Fig. 110). 

In typical cases, at the time when the S-chromosomes are in anaphase 
of second maturation division, the arrangement of the E-chromosomes 
undergoes a change. The change consists, both in the above cases and 
when the E-chromosomes divide at anaphase of the first maturation 
division, in a segregation of the chromosomes into two groups. The 
details of this process are not yet known. Appearance and positions of 
the groups in the spindle with respect to one another are not like 
the configuration characteristic for a normal anaphase separation of 
daughter chromosomes (Figs. 104 and 109). The chromosomes of each 
of the groups, extended along the spindle, are scattered over a relatively 
large area (Fig. 112) and the groups lie in different planes. There is no 
doubt that the two groups of E-chromosomes move towards the opposite 
poles of the spindle (Fig. 104). In later anaphase stages the groups, as 
they approach the poles, become considerably elongated, and many of 
their chromosomes arrange themselves in chains (Figs. 105 and 113a 
and b). 

Neither intermediate stages of anaphase segregation of the E-chromo- 
some groups nor any visible differences in the appearance of the chromo- 
somes have been seen. Therefore, it was not possible to determine whether 
it is daughter chromosomes that undergo segregation or whether the 
segregation is at random. In a few cases, however, it was possible to 
count the chromosomes in both, or at least in one anaphase group. 
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As expected, each of the groups contained 15—17 E-chromosomes. This 
seems to be an indirect proof of a regular, although not typical, segrega- 
tion of the daughter chromosomes to the opposite poles. 

The course of the maturation divisions in oocytes of Mikiola fagi 
seems to be quite clear: while the bivalent S-chromosomes undergo two 
divisions and thus are reduced in number, the E-chromosomes, owing 
to their more or less retarded mitotic cycle, undergo but one equational 
division which is largely independent of the S-chromosomes. Due to the 
unique role of the interzonal part of the first maturation division spindle, 
the daughter E-chromosomes move towards opposite poles. 

Although the reconstruction of the egg nucleus was not observed. 
the conclusion seems reasonable, that the egg nucleus is formed by 
the union of one haploid set of the S-chromosomes with one group of 
E-chromosomes. 


5. Prophase of the first cleavage division 
It was not possible to obtain larvae or embryos of Mikiola fagi in large 
numbers in the laboratory. Consequently only fragmentary results have 





Fig. 114a and b. Prophase of the first cleavage division. Two pictures of the same nucleus 
at various levels. Probably this is an egg nucleus. Gentian violet. x 1250 


been obtained. Several times eggs were observed which, while showing 
no signs of degeneration, each contained two nuclei with condensing chro- 
mosomes, the appearance of which indicated, undoubtedly, that they 
had already undergone maturation divisions. The nucleus closer to the 
egg surface was certainly a compound polar body, while the other, 
shifted towards the middle of the cell, was the egg nucleus ready for the 
first cleavage division. 

In all cases observed, both the nucleus of the egg and the polar body 
were in the same division stage, viz. in late prophase or prometaphase. 
To distinguish the S-chromosomes from the E-chromosomes was impos- 
sible in these stages. All of them appear as long, thin, loosely spiralized 
threads (Fig. 114a and b), and thus are very much like prophase chromo- 
somes during first cleavage divisions in Monarthropalpus buat (WHITE 
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1950) and in Miastor sp. (NicKLas 1959). An exact count of the number 
of chromosomes in this stage is very difficult to make, the nuclei of 
some eggs were found to contain approximately 22—24 chromosomes. 


The degree of the chromosome condensation indicates that as in 
Miastor metraloas (KAHLE 1908) and in Oligarces paradoxus (REITBERGER 
1940, HauscuTEcK 1959) the polar body in M. fagi is most probably 
capable of normal division. 

Finally, the fact should be emphasized that like the maturation 
divisions the prophase of the first cleavage division in M. vagi eggs has 
been found to occur in unfertilized eggs. 


D. Discussion 


I. Characterization of the S- and E-chromosomes 
and some general problems of mitosis 


The differentiation of the karyotype into a set of S-chromosomes 
and a set of E-chromosomes, characteristic of all Cecidomyitidae is mani- 
fest in all stages of the chromosome cycle of the members of the sub- 
family Cecidomyiinae. In no stage of the cycle does the differentiation 
appear more distinctly than in the oogenesis in sexual females of Mikiola 
fag. 

The especially aberrant peculiarities of oogenesis in M. fagi can be 
attributed to the behaviour of the E-chromosomes. Since the problem 
of the origin of E-chromosomes has not been solved as yet, an ana- 
lysis of their behaviour in different species in various stages of the 
chromosome cycle seems to be helpful in ascertaining their relation to 
S-chromosomes. Moreover, analysis of the behaviour of the E- and 
S-chromosomes might, despite the anomalous character of the M. fagi 
oogenesis, or perhaps due to it, shed some light on some problems of 
mitosis. 


1. Prophase 


The occurrence of the E-chromosomes as univalents during oogenesis 
was first observed by Wuire (1950) in a number of species belonging 
to the subfamily Cecidomyiinae. The course of the prophase stage of 
oogenesis in Mikiola fagi indicates the occurance of E-chromosomes also 
as univalents from the time of their appearance in the first period of 
oocyte growth. They were not found to undergo any form of pairing 
during the prophase stages. 

Both at prophase and in later stages of oogenesis in M. fagi all of 
the E-chromosomes exhibit some common features differing from those 
of the S-chromosomes. 
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In time of condensation the E-chromosomes are behind the S-chromo- 
somes during the whole prophase period. Only towards the end of the 
prophase the difference in degree of condensation between the E- and 
S-chromosomes appears greatly diminished. Doubtless, the high conden- 
sation rate of the S-chromosomes is closely related to their hetero- 
pycnosis in oogonia. 

The S-chromosomes also substantially surpass the E-chromosomes 
with respect to the production of the perichromosomal substance which 
is a main component of the inner part of the oocyte nucleus. The 
latter start taking part in the process only towards the end of the first 
period of the oocyte growth. 

E-chromosomes were not found to participate in the production of 
nucleoli. It may, however, be possible that their participation in this 
process is also delayed as compared with the S-chromosomes and that 
it does not begin before the onset of the diffuse stage. 


2. Prometaphase 

Recent studies (SHARMAN and BarBer 1952; SmitTH 1952, 1953; 
MELANDER and KnupDsEN 1953; Dietz 1954, 1956, 1958; StaicErR 1954; 
BAYREUTHER 1956; JoHN 1957a and b; JoHN and Lewis 1957; Wor 
1960) have confirmed earlier suggestions (HUGHES-SCHRADER 1947; 
ScHRADER 1947, 1953; OsTERGREN 1951) that the prometaphase stretch 
in meiosis is a common phenomenon. It has been found to occur in 
members of such distantly related groups as Insecta, Crustacea, Mollusca, 
Nematoda and Mammalia. Moreover, it was often found here as distinct 
as in Mantoidea, Phasmidea and Blattidea of the Orthoptera. The asyn- 
chrony in the stretch of bivalents and in their subsequent shortening 
and congression first observed by HucHEs-SCHRADER (1943, 1947) has 
also been found to bea common phenomenon, which is convincing 
evidence of the autonomy of chromosomes at the prometaphase. 

Although the degree of the prometaphase stretch in different species 
may vary considerably, and although its maximum may occur either at 
the beginning or at the end of prometaphase, the prometaphase stretch 
of the bivalent seems always to occur only after its kinetochores 
have come into contact with the developing spindle. The stretch of a 
bivalent is the result of the action of two forces applied to its kineto- 
chores, the forces being directed towards the opposite spindle poles. 
Dietz’s (1956) observations on the movements of the chromosomes 
during the prometaphase of meiosis in Tipula lateralis seem to confirm 
the above suggestion. Dietz found both the movement of the bivalents 
in the spindie and their prometaphase stretch to be results of the action 
of the same forces. A confirmation of the hypothesis that the beginning 
of the prometaphase movement of kinetochores depends on the inter- 
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action between the latter and the developing spindle is provided by 
observations on the mitosis in the endosperm of various plant species 
(BasER 1954, 1958; Baser and Mo té-Baser 1956). The lack of the 
metaphase stretch in cells treated with inhibitors of spindle forma- 
tion (JoHN and Lewis 1957) is another confirmation of the above 
hypothesis. 

From his observations on the movements and changes in shape of 
the bivalents and multivalents at prometaphase, Dietz (1956, 1958) 
infers that pulling forces acting during prometaphase on the kineto- 
chores in the direction of the poles gradually diminish, to remain at meta- 
phase at a minimum, which may be equal to, or only slightly higher 
than zero. According to his hypothesis, changes in the strength of 
pulling forces during the prometaphase and metaphase are brought 
about by changes in lengths of chromosomal fibres. Thus, at the beginning 
of prometaphase substantial pulling forces, directed towards the poles, 
are acting on the kinetochores. The forces are the result of the contrac- 
tion of developing chromosomal fibres. Unless the resistance of the 
chromosomes to the deforming forces is very high, the chromosomal 
fibres due to their contraction become shorter and a bivalent or 
a multivalent is stretched. Otherwise, the fibre does not shorten, its 
contraction is “‘isometric’’ and the only sign of the forces acting at 
prometaphase on the unstretched bivalent is its slight oscillation between 
the poles. The movement is brought about by slight, local changes in 
the contraction of the two chromosomal fibres. The shortening of chro- 
mosomal fibres, as the result of their contraction is gradually compen- 
sated, at prometaphase, by the growth of the fibres which is due to the 
incorporation of new amounts of the substance, they consist of. The elon- 
gation of chromosomal fibres is accompanied by a decrease in the strength 
of the pulling force exerted by the fibres on kinetochores. The decrease 
results in the disappearance of the prometaphase stretch of the bivalents. 
The process continues until metaphase. At metaphase, chromosomal 
fibres attain a maximum length which is only slightly less than half- 
spindle length. They keep the chromosomes in the equatorial plane until 
the anaphase starts and exert only an insignificant, if any, pulling force 
on the chromosomes. 

Dietz (1958) explains the changes in the shapes of bivalents at 
prometaphase by assuming changes in the strength of external forces, 
acting on the chromosomes through their kinetochores. Thus, he rejects 
the possibility that the shortening of the bivalents after their stretching 
is a result of increasing spiralization or other processes causing contrac- 
tion of chromosomes, which in the end overcomes the stretching action 
of pulling forces. In support of his view he reports observations on 
autosomal univalents which occur sometimes in crane-fly spermatocytes. 
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These univalents show no essential changes in length over the whole 
period of time from the late diakinesis to the late anaphase. 

Although Dretz’s hypothesis seems to be rather complicated, it has 
some unquestionable advantages, viz.: it explains the behaviour of 
chromosomes in typical mitosis and in monasters as well as the position 
of multivalents in the equatorial plane in Ostracoda (Dietz 1958). 
Moreover, it also elucidates cases where considerable elongation of 
chromosome fibres can be observed, as for example in monopolar mitoses 
in Sciara (Metz 1926, 1933; Metz, Mosgs and Hoppe 1926), Micro- 
malthus (Scott 1936), Anisolabis (SCHRADER 1947) or during the meta- 
phase elimination of autosomes in Brachystethus and Mecistorhinus 
(SCHRADER 1946a and b, 1947). On the other hand, observations on the 
behaviour of the bivalents during the prometaphase and metaphase in 
Mikiola fagi seem to disprove some of the tenets of the hypothesis. 

The occurrence of the prometaphase stretch of bivalents in the 
oogenesis of representatives of the subfamily Cecidomyiinae (Phyto- 
phaga celtiphyllia, WHiITE 1950) as well as of Lestremiinae (Mycophila 
speyert, NicKLAS 1960) seems to indicate that it is no rare phenomenon 
in Cecidomyiidae. 

The stretch of the bivalents in M. fagi like in other organisms coinci- 
des with the appearance of the spindle. The subsequent co-orientation 
and the movement of the bivalents towards the equatorial plane proceed 
very rapidly. The bivalents take their definite positions in the equator 
in the initial period of prometaphase, occupying always the middle part 
of the spindle. The speed of congression of the bivalents, as well as 
their central position in the developing plate, might be explained by the 
fact that they are situated in the middle of the inner part of the prophase 
nucleus. Observations on the oogenesis in other species of Cecidomyiidae 
(WuitTeE 1950) confirm the fact that the bivalents assemble in the inner 
part of the nucleus and take their place in the central part of the spindle 
at early prometaphase. 

The fact that the congression of bivalents during oogenesis in M. fagi 
is not always accompanied by their shortening is, however, the most 
characteristic feature of the prometaphase behaviour of the bivalents. 
Simultaneous occurrence in M. fagi of both contracted bivalents and 
more or less stretched ones, also lying in the equator, is characteristic 
of not only the long prometaphase but of the whole metaphase too. 
It should be pointed out that the shortening of the bivalents usually 
does not reach a high degree. Only rarely, as a result of shortening, 
the bivalents take shapes similar to those they had at late prophase. 

An evidence of the fact that the congression of the bivalents towards 
the equator is not always accompanied by a complete disappearance 
of the prometaphase stretch is provided by the behaviour of some 
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bivalents in Purpura lapillus (Sta1GER 1954), in which they can during 
oogenesis ‘‘auch in spaiter Metaphase noch weit aus der Aquatorialebene 
herausragen”’ (p. 423). Furthermore, at the long lasting, stabilized meta- 
phase I during the oogenesis in several species of earthworms (Family 
Iumbricidae, Mutpat 1952), numerous bivalents also show a strong 
stretch which undoubtedly is a remnant of prometaphase stretch. 
The behaviour of the chromosomes in these cases, which do not seem 
to be infrequent exceptions, might be explained by assuming the in- 
fluence of a modifying factor, the latter being according to Dietz a 
deficiency of the chromosomal fibre-forming material. Dietz assumes 
that as a result of this deficiency the chromosomal fibre does not attain 
its maximum length, equal to the half spindle length. Thus, although 
the elongation of chromosomal fibres in the cases under consideration 
would lead to the placement of the bivalents in the equator, the above 
action would not fully compensate for a pulling force arising from the 
contraction of the fibres. Depending on the deficiency, the action of the 
force would result in a stronger or weaker stretch of the bivalent which 
would last until anaphase starts. While accepting the above explanation 
which seems to be consistent with the Dietz hypothesis, there is no 
reason to doubt that both in the above mentioned cases and in the 
cases where there is no stabilized metaphase plate (e. g. spermatocytes 
of Tipula olaracea, Dintz 1956), the factor responsible for the action 
of pulling forces, resulting in the stretch of bivalents at prometaphase 
and metaphase, is also responsible for the anaphase movement of the 
chromosomes towards the poles. 

Some features of the behaviour of the bivalents at prometaphase 
and metaphase of the oogenesis in M. fagi seem, however, to indicate 
that there are factors other than the mentioned material deficiency 
which are responsible for the observed stretch of the bivalents. They 
are the following ones: (1) a maximum prometaphase stretch of bivalents 
can frequently be observed after the bivalents have already reached the 
equatorial plane; (2) the number of the bivalents exhibiting a stretch, 
both at prometaphase after congression, and at metaphase may vary 
in different eggs; (3) both at prometaphase and at metaphase the degree 
of stretching or shortening of bivalents varies greatly, the stretch of the 
bivalents after congression being greater at prometaphase than at 
metaphase. 

Although identification of individual bivalents in M. fagi is impos- 
sible at prometaphase, the above observations might indicate that each 
of the bivalents, after it has occupied its place in the equator, undergoes 
some alternating stretching and stronger or weaker contraction, which 
are the result of fluctuations in the strength of pulling forces. The 
presence of bivalents showing different degree of stretching in the period 
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of time from early prometaphase through prometaphase until anaphase 
seems to indicate that there is only one factor responsible for the oc- 
currence of the pulling forces in all the stages. Fixed positions of the 
bivalents in the equatorial plane might indicate the fluctuations in the 
strength of pulling forces to be symmetric ones, appearing simultaneously 
in both chromosome fibres of the given bivalent. On the other hand, it 
might also be possible that an increase in the strength of pulling force 
in one of the fibres which involves a slight shift of the bivalent towards 
one of the poles, brings about a corresponding increase in the pulling 
force of the other chromosome fibre, thus leading to an increased stretch 
of the bivalent. 

Oscillation of chromosomes between the poles at metaphase (LEwts 
1939; Hugues and Swann 1948; Huausrs and Preston 1949; Baser 
and Moxt-Baser 1956) indicates that the metaphase spindle is not 
a static system and that the arrangement of chromosomes in the equa- 
torial plate is a result of dynamic equilibrium of forces acting on them 
rather than of lack of the forces. According to Lrwis such oscilla- 
tions can be explained by variations in the contractile tension of chromo- 
somal fibres, whereas Swann (1952) believes them to be a result of 
“shifts in the precise patterns of orientation in the spindle” (p. 126). 
When the pulling forces begin to decrease, a corresponding shortening 
of the bivalent may be a result of the action of elastic forces. It seems, 
however, that in the period of time from the end of prophase to the first 
maturation division the bivalents in M. fagi continue to contract. 

OsTERGREN (1951) considers the degree of contraction of bivalents 
as one of the factors controlling their stretch. According to his hypothesis 
the disappearance of the prometaphase stretch is a result of an increasing 
contraction of the chromosomes, the contraction ultimately overcoming 
the pulling forces acting on the kinetochores and directed towards the 
poles of the spindle. A confirmation of the first of the above assumptions 
is provided by Sta1GER’s (1954) observations on the oogenesis in Purpura 
lapillus. His observations have shown that it is a low degree of conden- 
sation of some chromosomes at prometaphase which is responsible for 
their rather considerable stretch. JoHN and Lewis (1957) also attribute 
a strong prometaphase stretch of chromosomes in Periplaneta americana 
to a low degree of their condensation. Thus, a progressive contraction 
of chromosomes in M. fagi might be an explanation for a lesser degree 
of stretching of bivalents at metaphase and for the occasional occurrence 
of considerably contracted bivalents. The above phenomena might, 
however, as well be ascribed to the elongation of chromosomal fibres at 
metaphase. 

Does, however, the contraction of bivalents, following their stretch- 
ing, really indicate, as Dietz assumes, a considerable weakening of 
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pulling forces which at metaphase in the case of considerable contrac- 
tion of the bivalents may become quite insignificant or even disappear 
at all? An analysis of the metaphase elimination of the univalents in 
M. fagi oogenesis provides the answer to this question. Before discussing 
this interesting process a few words should be said about the prometa- 
phase behaviour of the E-chromosomes. 

A complete explanation of the more or less random distribution 
of the E-chromosomes on the spindle surface in M. fagi during the 
initial long period of prometaphase is provided by the results of Drerz’s 
(1956) observations on movements of the chromosomes at prometaphase 
of the first maturation division in spermatogenesis of Tipula lateralis. 
As stated by him, at the moment when the spindle is formed, the 
chromosomes are set in motion between the two poles. ,,[m Verlauf 
der Prometaphase ist jedes Chromosom in seiner Bewegung selbstandig ; 
der Bewegungsverlauf ist in keiner Weise einheitlich, wie es in der 
Anaphase der Fall ist. Fiir das einzelne Chromosom gibt es zu keiner 
Zeit zwischen dem Beginn des Spindelaufbaues und der Anaphase eine 
gesetzmaBige Geschwindigkeit oder eine festgelegte Wanderungsrich- 
tung; ebenso willkiirlich ist der Zeitpunkt der Richtungswechsel und 
deren Haufigkeit“ (1. c. p. 188). According to Dietz, only those chromo- 
somes can traverse considerable distances which, while moving at high 
speed, do not change the direction of their movement over a long period 
of time. As the probability of such behaviour is very small, only an insigni- 
ficant number of chromosomes approach the poles. As it follows from 
statistical analysis, the mean speed of the univalents exceeds that of the 
bivalents. That is why the sex chromosomes in spermatogenesis of 
Tipula lateralis, despite frequent changes in direction of their movement, 
approach the poles closer than bivalents. 

The fact that univalent E-chromosomes can frequently be observed 
in close vicinity of the poles, might indicate that they move at a mean 
speed higher than that of sex chromosomes in Tipula lateralis. On the 
other hand, this might also be a result of relatively rare changes in the 
direction of their movement. Moreover, the location of univalents at 
prometaphase at the very spindle poles, which could frequently be 
observed, seems to contradict Dretz’s assertion that ‘die prometa- 
phasische Verkiirzung der Chromosomenfasern durch einen anderen 
Mechanismus hervorgerufen wird, als die Verkiirzung der Chromosomen- 
fasern in der Anaphase. In der Prometaphase endet die Polbewegung 
der Chromosomen stets in einem bestimmten-Abstand vom Pol, der 
durch die Lange der kontrahierten Chromosomenfaser gegeben ist. In 
der Anaphase verkiirzen sich die Chromosomenfasern, bis die Chromo- 
somen unmittelbar an den Polen liegen’’ (Dietz 1958, p. 426). If it is 
assumed that the prometaphase movement of chromosomes is a result 


53* 








792 Boupan MatuszEwskt: 


of contraction of the chromosome fibres, then polar positions of the 
univalents at prometaphase would indicate that the fibres are likely to 
undergo a contraction as strong as at anaphase. 

The fact that at late prometaphase the number of chromosomes located 
near the poles of the spindle decreases, indicates that the E-chromo- 
somes respond to the forces acting in the spindle in a normal way. An 
increasing concentration of the E-chromosomes in the equatorial area 
of the spindle seems not to be a result of their slow unidirectional 
migration towards the equator, but is most likely attributable to the 
gradual diminution of the area occupied by the moving univalents into 
a narrow equatorial zone, towards the end of prometaphase, as observed 
by Dietz (1956). 

Non-random distribution of the univalents belonging to the same 
chromosome pair was first described by RipBanps (1937) in the hybrid 
Lilium candidum x chalcedonicum. He found the kinetochores of such 
univalents to be located on the same arc of the spindle, irrespective of 
whether they both were on one or on the opposite sides of the equator. 
A similar regularity was observed by OsTERGREN and VieFusson (1953) 
in Lilium ‘“‘testaceum’’ and in partially asynaptic plants or plants con- 
taining two B-chromosomes of Secale cereale. According to the last 
named authors: ‘‘As a rule they are lying on different spindle ares, 
but there is statistically significant tendency of these spindle ares to be 
more close to one another than expected from random distribution. 
The univalents thus show an obvious tendency to lie on spindle ares 
closely approached to one another’ (p. 34). 

The occurrence of groupings of the E-chromosomes is a feature 
characteristic of late prophase in the oogenesis of M. fagi. The groups 
may consist of 2, 3 or 4 chromosomes, which are aligned along the 
length of the spindle. In connection with RrBBAND’s and OsTERGREN and 
VieFusson’s findings the question arises whether the formation of the 
associations can be attributed to a certain homology between these E- 
chromosomes or whether it can be ascribed to some other factors. The 
mentioned authors believe the preferential distribution of the univalents 
on the spindle observed by them to be a relic of a pairing between homo- 
logues, which have not formed chiasmata at the preceding prophase. 
The above explanation cannot be applied to M. fagi, siace in all prophase 
stages the E-chromosomes did not show any tendency to pairing. It 
may be possible that the formation of associations of the E-chromosomes 
in M. fagi at late prometaphase represents a form of delayed somatic 
pairing between some of these chromosomes. The formation of groups 
consisting of chains of univalents might also be ascribed to casual 
meeting of chromosomes moving along the same continuous spindle fibres, 
or fibres close to one another. Since, however, the frequency of these 











Oogenesis in Mikiola fagi 793 


associations seems to | 2 too high to be accidental, the above assumption 
is hardly probable. The question remains unanswered. 

Recently, careful consideration has been given to the problem of 
considerable variations in the behaviour of univalents at meiosis (OsTER- 
GREN 1951; DreTz 1958). One of possible patterns of the behaviour of 
univalent chromosomes is that initially, while they are showing the 
monopolar orientation, they lie outside the equator, uniformly distri- 
buted on the spindle, and later, with bipolar orientation, they take 
positions in the equatorial plane. Opinions as to the factor determining 
the kind of the orientation of a univalent in the spindle are essentially 
similar. Space arrangement of kinetochores seems most probably to be 
the factor in question. In the case of strong spiralization, usually shown 
by chromosomes at meiotic prophase, both kinetochores are located 
on one side of the chromosome. The monopolar orientation of such 
univalents depends on the degree of spiralization. If the latter is not 
high enough to keep the positions of kinetochores towards each other 
fixed, or if it decreases at prometaphase, the univalent becomes func- 
tionally bilateral, gradually undergoes bipolar orientation, and in re- 
sponse to the nature of the forces acting in the spindle, takes its place 
in the equator. The change from the monopolar to bipolar orientation 
of univalents has been described in prometaphase, as for example 
in the case of sex chromosomes in Tipula maxima (JOHN 1957a), the 
X chromosome in Cyclocypris ovum (Dietz 1958), or even at anaphase, 
as in some interspecific Geum hybrids (GasJEwskKI 1949, 1957). 

Since continuous fibres in M. fagi are difficult to distinguish from 
chromosomal fibres and since spherical univalents are very small, adirect 
investigation of variations in the orientation of their kinetochores is 
not possible. Nevertheless, the distribution of the univalents at early 
prometaphase, their frequent occurrence in the vicinity of the poles, 
and their more or less equatorial positions at metaphase indicate, un- 
doubtedly, that at late prometaphase the monopolar orientation of the 
univalents gradually changes to become the bipolar one. 


3. Metaphase elimination of the E-chromosomes 

Elimination of the univalent E-chromosomes at metaphase is char- 
acteristic not only of the oogenesis in Mikiola fagi, but it is also met with 
in other species of the subfamily Cecidomyiinae (KRACZKIEWICZ, un- 
published). These are the following characteristic features of the process 
in M. fagi: (1) the elimination is a regular phenomenon occurring in 
all eggs after the E-chromosomes have occupied positions in the spindle 
equator; (2) most often all E-chromosomes are eliminated from the 
spindle; (3) the E-chromosomes present in an egg are eliminated simul- 
taneously; (4) the angle, formed by the direction of movement of the 
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eliminated univalents with the spindle axis may vary: in extreme cases 
all univalents move in a direction nearly perpendicular to the spindle 
axis; (5) the elimination leads to relatively great distances between 
E-chromosomes and the spindle, which often are considerably greater 
than the spindle diameter. 

Metaphase and prometaphase elimination of chromosomes as a 
process occurring regularly at definite stages of the chromosome cycle 
is rare. Elimination of the chromosomes from the metaphase plate, as 
observed in Brachystethus and Mecistorhinus, was first described by 
ScHRADER (1946a and b). In both cases all autosomes forming one 
aggregate were found to be laterally shifted in the equatorial plane 
towards the surface of the cell, but during the whole process they were 
connected with the poles of the spindle with chromosomal fibres. Accord- 
ing to SCHRADER (1947, 1953) it is a pushing action exerted on autosomes 
by the unusually strongly elongating chromosomal fibres that is respon- 
sible for the elimination. 

The horizontal direction of elimination of the univalents, sometimes 
observed in M. fagi, has only outward resemblances with the autosomal 
elimination in Brachystethus and Mecistorhinus. From the lack of any 
visible fibres connecting the eliminated E-chromosomes with the spindle 
poles, one may infer that during the elimination the structural bonds 
between the E-chromosomes and the spindle are severed. In this 
respect the course of elimination of the E-chromosomes seems rather to 
be like the ejection of the X chromosome from the spindle, observed in 
spermatocytes of Humbertiella indica (HUGHES-SCHRADER 1948). How- 
ever, peculiarities of the elimination process in H. indica and M. fagi 
should be discussed. 

Thus, while the X chromosome in H. indica is eliminated into the 
cytoplasm at early prometaphase during the process of spindle for- 
mation without any preceding orientation towards one of the poles, 
the E-chromosomes in M. fagi are eliminated at metaphase, after a long 
period of normal functioning of their kinetochores. In both cases the 
chromosome elimination is undoubtedly due to the lack of structural 
bonds between the kinetochores and the spindle. While, however, the 
elimination of the X chromosome in H. indica is a result of a delayed 
response of its kinetochore to the developing spindle, the elimination 
in M. fagi is attributable to the simultaneous, temporary subsidence of 
the kinetochore activity, which activity is responsible for the existence 
of their bonds with the spindle. 

Although in both cases under consideration the lack of the interaction 
between chromosome and spindle is attributable to different factors, 
the end effect is the same—the chromosomes are ejected from the spindle. 
The effect is a striking manifestation of the action of elimination forces 
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in the spindle (OsTERGREN 1945, 1949, 1951; OsteRGREN, MoLé-BasER 
and Bager 1960). 

Transverse elimination forces act also in the interzonal part of the 
spindle at anaphase. This may be inferred from the direction of elimina- 
tion of the paternal chromosomes during cleavage divisions in the male 
embryos of Pseudaulacaspis pentagona (BROWN and BENNETT 1957). 

At the time immediately after elimination, the E-chromosomes are 
mostly not in the horizontal plane, but are scattered around the spindle 
in various planes above and below the equator. If, as OsTERGREN 
postulates, a chromosome is subjected at metaphase both to the equili- 
brated pulling forces, acting on their kinetochores in the direction of the 
poles, and to the elimination force, striving to eject it from the spindle, then 
the mentioned distribution of the E-chromosomes after their elimination 
might be explained by assuming that in a chromosome the kineto- 
chores of both chromatids do not lose their activity simultaneously. 
If such an asynchronous inactivation of kinetochores takes place at 
the moment when the contact between one of them and the spindle 
is being broken, the given E-chromosome, subjected to the action of 
the remaining pulling force, starts moving towards one of the poles. 
The length of path of the chromosome, hence its place on the spindle 
surface at the moment of elimination, is a function of a delay in the 
subsidence in the activity of the other kinetochore; that is why the 
E-chromosomes immediately after their elimination from the spindle into 
the cytoplasm occupy different positions in relation to the equatorial 
plane. 

The fact is worth noting that a few E-chromosomes which might not 
have been eliminated and remain in the spindle, change their positions. 
They are still located on the spindle surface, but shifted towards one 
of the poles. This fact might be ascribed either to weakening of the 
bond or to an interaction between the spindle and one of the kineto- 
chores, caused by a partial inactivation of the latter. 

Hueues-ScHRADER considers a cytoplasmic current in the equatorial 
zone of the cell to be the factor responsible for the considerable distance 
between the eliminated X chromosome and the spindle in H. indica. 
Since the E-chromosomes in eggs of M. fagi are frequently ejected over 
a greater distance from the spindle than the X chromosome in H. indica, 
one would infer that either the eliminating force is relatively large in this 
case or a more intense cytoplasmic current occurs around the equatorial 
part of the spindle. 

The cytoplasmic currents, according to HugHES-ScHRADER occurring 
at mitosis, arise most probably as a results of surface tension differences, 
and, although they appear prior to the division itself, they undoubtedly 
are related to the mode of cytokinesis of animal cells. They are always 
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observed in the cases when the division of the cell is the result of 
furrow formation, usually in the equatorial plane. However, to assume 
such currents in eggs of M. fagi during the elimination of the E-chromo- 
somes seems hardly probable for the following reasons: (1) maturation 
of M. fagi eggs, like those of other dipteran flies, is not accompanied 
by cytokinesis; the polar body (a nucleus) remains within the egg cyto- 
plasm; (2) elimination takes place long before the maturation divisions; 
(3) elimination is not affected by the orientation of the spindle with 
respect to the egg surface, and thus, the current direction would 
depend solely on the position of the spindle axis. This seems improb- 
able. It is possible that inthe cases when mitosis in an animal cell is 
not accompanied by cytokinesis, regular cytoplasmic currents at the 
spindle appear only at the beginning of anaphase, similar as in plant 
cells (BAJER and MoxLt-BasER 1956). 

Taking the above facts into account, the conclusion seems justified 
that cytoplasmic currents cannot be the principal factor responsible for 
the considerable distances between the eliminated E-chromosomes and 
the spindle. It must be the motion of the chromosomes under the 
influence of a centrifugal force manifesting itself after the bonds between 
the kinetochores and the spindle have broken. This causes the displace- 
ment. The problem of the influence of these two factors on the movement of 
E-chromosomes in the cytoplasm immediately after their ejection from the 
spindle is, however, of minor importance. The existence of transverse elimi- 
nation forces in the spindle as postulated by OsTERGREN is beyond doubt. 

As it follows from HuGHrs-SCHRADER’s observations, the elimination 
forces in the spindle start acting already at early prometaphase. The 
elimination of E-chromosomes at full metaphase clearly indicates that 
the forces do not disappear during prometaphase. How then should 
the fact be explained that the bivalents which at early prometaphase 
take positions in the middle of the equatorial plane of the spindle do not 
change them later? At prometaphase and at metaphase stretched 
bivalents as well as contracted, and sometimes considerably con- 
tracted, bivalents can be observed. If the contraction of the bivalents 
were brought about by the growth of chromosomal fibres, which is 
accompanied by a relaxation of pulling forces, a contracting bivalent in 
the plate under the action of elimination forces would be gradually 
displaced and would move towards outer parts of the spindle. Since, 
however, the contraction of the bivalent is not accompanied by its 
displacement the existence of a force compensating for the centrifugal 
elimination forces should be assumed. Only forces pulling the kineto- 
chores towards the poles seem to be the forces in question. Thus, the 
contraction of bivalents is not an absolute indication of the disappear- 
ance of pulling forces and the hypothesis assuming chromosomal fibres 
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not, or nearly not, to exert an action on the kinetochores at metaphase 
is not of such a general significance as Dietz believes. 

Any mote serious attempts to interpret the E-chromosome behav- 
iour in the period of time after the elimination would be premature 
because of its abnormal character and since for the time being any 
material for comparison is lacking. What is the force that sets the 
E-chromosomes scattered in the cytoplasm in motion, and then brings 
them together to form one or two groups under the egg surface, close 
to the spindle containing the bivalents? Since distances between single 
E-chromosomes are great, the possibility that their interaction during 
initial stages of their migration towards the egg surface may play some 
role seems hardly probable. Although, as mentioned before, any intense 
cytoplasmic current in the equatorial plane of the spindle seems tnlikely, 
it may be possible that there are some currents at the boundary between 
the outer and inner cytoplasm layers which are directed towards the 
egg surface. If so, a very slow migration of the E-chromosomes towards 
the egg surface, unlike their fast movement during their elimination, 
might suggest that the currents are weak ones. While the migration of 
the E-chromosomes in some general direction may be ascribed to the 
above currents, it seems absolutely improbable that it is the currents 
only that are responsible for the grouping of the widely scattered chro- 
mosomes to form one or two compact groups. 

The fibrillar structures which are formed at each group of E-chro- 
mosomes do not differ from a normal spindle. During the division of 
E-chromosomes in other species of Cecidomyiidae (KRACZKIEWICZ, un- 
published) their functioning clearly indicates that they are spindles. 
Of all cecidomyiid species investigated so far only in M. fagi these 
spindles are transitory structures not serving in the destribution of 
E-chromosomes. Shortly before oviposition the E-chromosomes again 
join the spindle which contains the bivalents. The author, however, did 
not succeed in tracing this process in detail. 

In the stage preceding maturation divisions, the univalents which are 
now once again in the spindle together with the bivalents are only 
rarely located in the equatorial plane. Most often groups of E-chro- 
mosomes are seen to adhere to the spindle surface at different distances 
from the equator. The shifting of the univalents towards the poles 
indicates their orientation to be monopolar. The change in the orienta- 
tion, as compared with the one shown before the elimination, should 
most probably be ascribed to the increasing spiralization of the E- 
chromosomes. In each of the groups, the E-chromosomes are arranged 
in chains which are located along the spindle. However, similarly to 
conditions in prometaphase, the factor responsible for such arrangement 
has been difficult to determine. 
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4. Maturation divisions 


The anaphase separation of chromosomes is usually a result of two 
factors: the migration of kinetochores towards the poles and the increase 
in the distance between the poles which are linked to the kinetochores 
with chromosomal fibres. In some cases the anaphase movement of 
chromosomes is due to the second of the two factors solely (Ris 1943; 
Dietz 1954, 1958). Opinions agree on the whole that the movement 
of chromosomes towards the poles is a result of the action of a force, 
exerted at the kinetochores, which is most probably conditioned by 
some properties of the chromosomal fibres. The problem, however, of 
the source of the pushing forces, which set the poles in motion, as well 
as the mode of their action, are still subjects of controversy. Thus, the 
movement of the poles is ascribed either to the elongation of the whole 
spindle (Ris 1943, 1949; Dietz 1954, 1958) or to the elongation of its 
interzonal part only (e. g. BELAR 1929; Cartson 1952, 1956; Boss 1954). 


The interzonal part of the spindle undergoes a considerable lique- 
faction at anaphase (CaRLSoN 1952). There are indications, however, 
that its pushing action increases with the liquefaction (BasER 1953). 
Another characteristic phenomenon observed at anaphase is the fall 
in birefringence of the interzonal part of the spindle (ScHmIpT 1939; 
HuGuHEs and Swann 1948; Jnovu& and Dan 1951; INov& 1953; Swann 
1951; Urerz after ZIRKLE 1959). On the basis of the above findings 
CaRLSON (1952, 1956) infers that the lengthening of interzonal connec- 
tions is responsible for the anaphase elongation of the spindle. The 
transformations of the spindle during the first maturation division in 
Mikicla fagi cannot, however, be explained by the action of interzonal 
connections. 


At anaphase I, which is characterized by a strong elongation of the 
spindle, the interzonal connections would possibly arise only between 
separating S-chromosomes. Even assuming the existence of the inter- 
zonal connections in M. fagi and their role in the elongation of the 
spindle as a pushing body (Stemmkérper), they would be expected to 
cause elongation of the middle part of the spindle only in conformity 
with the position of the bivalents. But, in fact, it is the whole spindle that 
is elongated, both its inner and its outer part, the latter having the 
E-chromosomes on its surface which most frequently do not divide at 
that time. Thus, at least as far as the elongation of the outer part of the 
spindle is concerned, it is not due to the elongation of interzonal connec- 
tions. The interzonal connections in M. fagi seem not to play the role 
assumed by Cartson for divisions of neuroblasts in Chortophaga viri- 
difasciata. The present author believes it to be most probable that the 
increase in the distance between the poles during the first maturation 








Oogenesis in Mikiola fagi 799 


division in eggs of M. fagi is brought about by the elongation of con- 
tinuous fibres. 

It is noteworthy that at anaphase the birefringence of the interzonal 
part of the spindle both in animal and plant cells does not disappear 
completely. This might indicate that the original, fibrillar structure of 
the spindle has partially been retained in it. According to HucHEs and 
Swann (1948) ‘“This residual birefringence in the spindle presumably 
corresponds to the continuous spindle fibres of various authors’’ (p. 67). 
The assumption has been confirmed by observations on the oocytes of 
Chaetopterus pergamentaceus and on PMC of Lilium longiflorum, where 
continuous, birefringent fibres could be seen both at metaphase and 
anaphase (INovE 1953). 

Towards the end of anaphase I, the S-chromosomes dyads are 
no longer in contact with the elongated spindle which from this moment 
on will serve in the regular transport of the daughter E-chromosomes. 

The movement of the E-chromosomes at early anaphase I is mostly 
due to the elongation of the spindle. Since the distribution of E-chromo- 
somes on the spindle before the anaphase is irregular, it is difficult to 
determine if simultaneously with the spindle elongation their positions 
with respect to the poles change. If the chromosomes do move towards 
the poles at this stage, their movement is probably very slow. This 
movement seems to be accelerated only at the time when the contact 
between the S-chromosomes and the spindle is being lost, since at meta- 
phase II some of the then dividing E-chromosomes lie near the poles 
of the first meiotic spindle. At the end of a considerably delayed ana- 
phase movement, the E-chromosomes which have behaved as univalents 
being oriented towards one of the poles, undergo the equational splitting. 

Equational splitting of the E-chromosomes is accompanied by a 
striking change in their orientation in the spindle, namely, the long 
axes of the daughter E-chromosomes shift parallel to the spindle axis 
and retain this orientation for at least the initial period of anaphase 
movement. From the fact that during this movement the daughter 
E-chromosomes are directed towards the poles with one of their ends 
instead of with the kinetochore, one might infer that a neo-centric activity 

. of the chromosome ends appears. In dipteran flies such an activity of 
chromosome ends has recently been postulated at meiosis in Tipula 
maxima (JOHN 1957a). 

The equal number of chromosomes in both groups of the separating 
E-chromosomes indicates that the two halves formed by the equational 
splitting of each E-chromosome move towards the opposite poles of 
the spindle. The most characteristic feature of the movement, besides 
the positions of the chromosomes, is that the location of an E-chromo- 
some on the spindle before its division does not affect the regular distri- 
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bution of its daughter chromosomes between the two poles. In M. fagi 
the division of the E-chromosomes scattered over the spindle surface 
might be compared to the case when the anaphase movement of daughter 
chromosomes starts at prometaphase hence is not preceded by the for- 
mation of metaphase plate. During the anaphase, some daughter E 
chromosomes are observed to migrate towards the pole opposite to 
the one they have been situated at just before initiation of their anaphase 
movement. It is possible that it is the continuous fibres that facilitate 
the contact of the chromosome with the distant pole. Although the 
assembly of daughter E-chromosomes in the later stages of their anaphase 
movement to form two relatively compact groups is due to some other 
factor which is difficult to determine, it seems that frequently observed 
irregular or strongly elongated shapes of the groups might be ascribed 
to irregular distribution of the E-chromosomes on the spindle surface 
during their equational division. 


II, Oogenesis evolution in the subfamily Cecidomyiinae 

Recently, Nickias (1960) described a substantial part of the chromo- 
some cycle in the cecidomyiid Mycophila speyert belonging to the primi- 
tive subfamily Lestremiinae. The number of chromosomes in germ-line 
cells of M. speyeri is 29. In somatic cells of 2 and ¢ there are 6 and 3 
respectively. The difference is due, as in other Cecidomyiidae species, to 
the sex specific elimination from future somatic nuclei of a number 
of chromosomes. Nickia’s observations on the oogenesis in sexual 
females have brought striking and remarkable results. Thus, both at 
diakinesis and metaphase I cells commonly contain 14 bivalents and one 
univalent. Both maturation divisions proceed in a typical manner. 
At anaphase I the univalent undergoes random segregation, whereas it 
divides equationally at anaphase II. 

The insight into the course of oogenesis in the representative of the 
primitive subfamily Lestremiinae and in more specialized cecidomyiids 
as well is an incentive for expressing views on evolutionary changes in 
oogenesis in bisexual generations of species belonging to the subfamily 
Cecidomytinae. 

Assuming the oogenesis in the subfamily Cecidomyiinae to proceed 
in its initial form similarly as in Mycophila, the first modification of 
the oogenesis in this subfamily seems to be the loss of the ability of 
E-chromosomes to pair at meiosis, i. e. to form bivalents. This process 
most probably has proceeded by steps, extending gradually to all 
E-chromosomes. The form of oogenesis where all E-chromosomes 
occur as univalents seems to be the last stage of the process. This form, 
first described by WuiTE (1950), is characteristic for all species of the 
subfamily Cecidomyiinae that have been investigated so far. In Ceci- 
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domytidae the first signs of an evolutionary tendency to increase the 
number of univalents appear in M. speyeri. In the scanty material 
which Nickxas had at his disposal he was also able to observe oocytes 
containing 3 univalents and 13 bivalents. 

The course of prophase in the oogenesis of Mikiola fagi indicates that 
in a certain evolutionary stage of the chromosome cycle in Cecidomyiidae 
a new feature of E-chromosomes appears in form of a delay in the mitotic 
cycle of E-chromosomes as compared with the mitotic cycle of S-chromo- 
somes. Such a delay has also been observed in Phytophaga celtiphyllia 
and Oligotrophus pattersoni (WHITE 1950). Since information on early 
prophase of the oogenesis in M. speyeri is lacking, there is no possibility 
to prove that an analogous delay occurs in the Lestremiinae also. Even 
if it is so, it would remain uncertain whether its first signs appeared 
prior to the loss in the pairing ability of E-chromosomes or whether 
they appeared only after this process had started. However, an indirect 
indication is provided by the behaviour of the univalent chromosome 
in M. speyert during the first maturation division. Its shift towards 
one of the poles at metaphase and its random segregation at anaphase 
indicate its monopolar orientation resulting from the univalent nature 
of the chromosome. Thus, if a delay in the univalent mitotic cycle at 
prophase does take place it seems not to be so severe as in other ceci- 
domyiids and it seems to be overcome towards the end of prophase. 

In species with an insignificant delay in the mitotic cycle of uni- 
valent E-chromosomes, the latter are assumed to have divided after the 
pattern discovered in M. speyeri, while in other species as a result of a 
considerable delay in their mitotic cycle the sequence of the events might 
be reverse!. Regardless of the pattern of univalent behaviour it was the 
increase in the number of univalent E-chromosomes (with a simul- 
taneous decrease in number of bivalents) which has probably led to 
their gradual loss during oogenesis. Since retention of E-chromosomes in 
the germ-line nuclei seems to be an indispensable condition of a normal 
course of oogenesis (GEYER-DuszyNska 1959; “'anTocK 1961), the 
process of elimination of the univalent E-chromosomes from the chro- 
mosome cycle or, to be more exact, the decrease in their number in a 
population must have been counteracted by a selection as in the case 
of supernumerary X chromosomes in Cimex lectularius (DARLINGTON 
1939). Under these circumstances the selection is expected to fix any 
oogenetic modification which would lead to the stabilization of the 
highest possible number of E-chromosomes. 


1 Since the univalents prior to their elimination are located together with the 
bivalents in the equatorial plane one may infer that M. fagi probably descended 
from a form in which the majority of univalent E-chromosomes had undergone 
equational division at anaphase I. 
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The evolution of oogenesis in Cecidomytinae involves the appearance 
of a new, hitherto not observed mechanism which prevents a decrease 
of the number of univalents. This mechanism consists at first in the 
elimination of the univalent E-chromosomes from the spindle, and then 
in the formation of a new spindle around the eliminated chromosomes. 
The changes which have led to this mechanism must have been pro- 
gressive ones, involving increasingly greater numbers of E-chromosomes. 
This may be inferred from the fact that besides M. fagi, where most 
frequently all of the E-chromosomes are eliminated, other species of the 
subfamily Cecidomyiinae have been found in which the number of 
eliminated E-chromosomes may vary within wide limits (KRACZKIEWICZ, 
unpublished). bid 

What, however, is the cause that the above mechanism is not 
always utilized ? In M. fagi, and probably in other related species too, 
a new interesting modification of oogenesis appears. The modification 
consists in the return of the E-chromosomes on the spindle from which 
they were previously eliminated. This process of undoubtedly second- 
ary character is caused by various changes in the properties of the 
E-chromosomes. Thus, the union of the E-chromosomes with the 
spindle containing the bivalents does not restore the state before the 
elimination. This can be inferred from the positions of E-chromosomes 
with respect to the spindle equator which mostly differ from those before 
the elimination. The behaviour of E-chromosomes in M. fagi during 
the first maturation division, in comparison with that of E-chromosomes 
in other species of Cecidomyitinae, is another indication of changes in 
their properties. Thus, while the anaphase movement of a number of 
the E-chromosomes in Rhabdophaga saliciperda (KRACZKIEWICZ, un- 
published), both in the spindle containing the bivalents and in the one 
formed by the eliminated chromosomes usually takes place simultane- 
ously with the anaphase movement of the S-chromosomes, the movement 
of E-chromosomes in M. fagi starts much later. Some correlation, 
however, exists not only between the return of the E-chromosomes on 
the spindle and the delay in their anaphase movement but also between 
the former and the equational division of the E-chromosomes at the 
end of anaphase I and the specific mode of functioning of the first 
meiotic spindle. That is why despite the return of the E-chromosomes 
on the spindle containing the bivalents, the mode of clonal transmission 
of the E-chromosomes from generation to generation by females, guar- 
antees their continuous presence in germ-line nuclei in considerable 
numbers. 

Nicxas’s (1960) studies on M. speyert have shown that the modi- 
fication of spermatogenesis, typical of all cecidomyiids, is more primitive 
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than any modification of oogenesis. The sperm of M. speyeri contains 
3 chromosomes. On the basis of his observations on oogenesis in 
M. speyeri, cited above, NickLas has come to the conclusion that in 
addition to fertilization some compensatory mechanism seems to func- 
tion in this species which controls the number of germ-line chromosomes 
in embryos. It may, however, also be possible that fertilization in 
M. speyeri, if it takes place at all, is of no genetic significance and that 
the number of chromosomes in eggs is regulated as in a case of meiotic 
parthenogenesis. HaAvUscHTECK’s studies (1959) on the paedogenetic 
origin of males in Oligarces paradoxus have proved the existence of such 
a form of parthenogenesis in Cecidomyiidae. The reconstruction of the 
chromosome cycle in M. fagi from oogenesis is less difficult than in the 
case of M. speyert. Should, however, the fertilization in Cecidomyiidae be 
considered as a prerequisite for normal development in bisexual genera- 
tions ? In this respect facultative parthenogenesis occuring in Wachtliella 
persicariae (NIJVELDT 1951), a typical bisexual species, is worth attention. 
Observations on the sex ratio in M. fagi (MaTuszEwsKI, unpublished) 
also shed some light on the occurrence of facultative parthenogenesis 
in Cecidomyiidae. The percentage of males in populations occurring in 
the Polish Tatra is about 0.1% as compared with 20% in a population 
in the vicinity of Copenhagen (BoysrEN HENnsEN 1948) and with about 
10% in a population in the environs of Brussels. The conclusion seems 
sound that in the Tatra populations of M. fagi the biological role of males 
in reproduction is quite insignificant and that most of the females lay 
unfertilized eggs which then develop parthenogenetically. 

The mentioned occurrence in M. fagi of unfertilized eggs containing 
two prophase or prometaphase nuclei each with the same number of 
chromosomes might indicate that in the case of parthenogenetic develop- 
ment, the first cleavage division nucleus is formed by fusion of the egg 
nucleus containing 4S- and 16 E-chromosomes, with one group of 4 S- 
chromosomes which has arisen as a result of the second maturation 
division. 

If. Origin of the mitotic spindle 


It seems reasonable to agree with the view expressed by Mazia 
(1960) that the speculations on the problem of ‘“‘nuclear versus cyto- 
plasmic origin of the mitotic spindle’ are of value for each given case 
only. Thus, in addition to a category of spindles originating from cyto- 
plasmic proteins, as in sea urchins (Mazra and RosLansky 1956; Kawa- 
MURA and Dan 1958; Went 1959), there is undoubtedly a category of 
spindles which are formed in nuclei before disappearance of the nuclear 
membrane, or just during this process, from material accumulated in the 
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nuclei before the division (e. g. the first meiotic spindle in eggs of Cyclops 
strenuus: SticH 1952; Stich and McIntyre 1958). 

On the basis of morphological criteria, the spindle formed in the 
oogenesis of Mikiola fagi at prometaphase of the first maturation division 
should be regarded as of nuclear origin. In this case, however, it is not 
the whole nucleus that is transformed into the spindle. Only a part of 
the nuclear sap, forming the inner zone of the nucleus and containing at 
the end of prophase all the chromosomes, is used for the construc- 
tion of the spindle. Optical properties (MaTUSZEWSKI, unpubl. observa- 
tions on living material), the mode of staining as well as mechanical 
properties after fixation indicate that the substance which occupies the 
middle part of the nucleus is less hydrated than the rest of the nuclear 
sap and is, most probably, of a gel nature. The substance appears 
already at early prophase. Later it occupies, together with the chromo- 
somes the middle part of the nucleus. An analogous differentiation in 
the nucleus has also been observed for example at the end of the oocyte 
growth in various amphibians (WAGNER 1923; DuRYrE 1950; CALLAN 
1952). Also here, as in the oocytes of M. fagi, all chromosomes collected 
in the middle of the nucleus aie immersed in a part of karyolymph 
differing in its properties from the rest of the nuclear sap. The above 
analogy is still more remarkable, as according to WAGNER and DURYEE 
the first meiotic spindle is made of the gel contained in the inner part 
of the nucleus. In connection with this, the fact is noteworthy that 
the nuclear sap of amphibian oocytes contains substantial quantities 
of proteins rich in —-SH groups (BracHET 1960). 

In a number of cases when spindles are of nuclear origin, spindle- 
forming substance can be observed on the surface of chromosomes 
(e. g. Saccocirrus: BAEHR 1920; Acroschismus: HuGHES-SCHRADER 1924; 
Moina: DrHN 1948) similarly as in the oocytes of M. fagi. Since this 
is a regular phenomenon, the question arises whether the substance is 
produced by the chromosomes or whether it is formed in the nucleus 
without their direct participation in the process. Since, in the oogenesis 
of Cyclops, RNA appears and accumulates in the nucleus prior to the 
increase in the content of nuclear proteins, which are the material for the 
spindle formation, SticH and McIntyre (1958) suggest that besides the 
nucleolus and the chromosomes there is a third protein synthesizing 
system in the nuclear sap. If it were so, and if its presence were charac- 
teristic of other cases of the nuclear origin of the spindle, then the 
accumulation of the spindle-forming substance around the chromosomes 
might be explained as a result of its gradual adsorption on the chromo- 
some surface. The results of Sato’s (1960) electron microscopic observa- 
tions on the spindle formation in PMCs of several species of Liliwm 
speak in favour of Sticu’s hypothesis. When studying the course 
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of the prophase the author observed a granular substance to appear on 
the inside of the nuclear membrane which later, as its quantity increased, 
becomes dispersed in the nuclear sap and deposited on the surface of 
the chromosomes. Towards the end of prophase in place of this material 
there arise short fibrils, from which, as Sato believes, spindle fibres 
are formed. The process of the formation of chromosomal fibres starts 
at the kinetochores and then gradually spreads towards the poles. 


In the case of M. fagi the adsorption of the spindle-forming material 
at the chromosome surfaces should be considered as highly specific, 
since in the initial period of the formation of the inner part of the 
nucleus, the material (perichromosomal substance) accumulates around 
the S-chromosomes solely, and not on the surface of the E-chromosomes. 

The other alternative seems, however, not to be impossible. Recent 
investigations on plant material with the use of the interference micro- 
scope have shown that chromosomes may more directly participate in 
the production of spindle-forming material. Thus, RicHarps and BaJER 
(1961) observed a decrease in the total dry mass of the nucleus at pro- 
phase, which means that in this period some nuclear material penetrates 
the cytoplasm. The authors assume this to take place simultane- 
ously with the formation of the so called clear zone around the nucleus, 
which is the first sign of spindle formation (BasER and MoLt-BaJER 
1956; BasEer 1957). The dry mass of chromosomes per unit area which 
gradually increases at prophase, decreases considerably during the for- 
mation of the clear zone (AMBROSE and BaJER 1961). Since this is not 
accompanied by a strong contraction of the chromosomes, the authors 
infer that some material is given off by the chromosomes which parti- 
cipates in the formation of the clear zone and presumably of the 
spindle too. 

The formation of additional spindles, containing chromosomes which, 
for some reason or other, have lost the initial contact with the original 
spindle, is a phenomenon frequently observed during microsporogenesis 
in interspecific plant hybrids. Recently, Koopmans (1958) has advanced 
a view that the formation of such spindles might be explained by assuming 
the existence of a stable structural bond between the kinetochore of a 
chromosome and a certain part of the mitotic centre (RESENDE 1947; 
Lettré and Lettr& 1957; ResenpE, LETTRE and Lettre 1959). Obser- 
vations on elimination of the E-chromosomes in M. fagi as well as on 
their behaviour in the cytoplasm do not confirm this rather improbable 
hypothesis. 

In the oogenesis of M. fagi the number of groups formed by the 
eliminated E-chromosomes, around which additional spindles can be ob- 
served, seems to be accidental. Thus, it seems very likely that the spindle 
54 
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are formed without the participation of any mitotic centres. As the 
spindles appear only after a certain lapse of time, after the eliminated 
E-chromosomes have formed groups, it is possible that the spindles are 
organized by the E-kinetochores out of some cytoplasmic material. 
Since in other species of Cecidomyiidae, in such additional spindles which 
are formed in an analogous way, chromosome movement proceeds, as 
it has been mentioned above, in quite a normal way, it may be assumed 
that the structural and functional bipolarity of the spindles is a result 
of physico-chemical properties of the material they are made of. 

The conclusions fully agree with the results of observations on the 
formation and functioning of the spindles in spermatocytes of Pales 
crocata, which have been either flattend out, or subjected to thermal 
shock or treated with a hypotonic sugar solution (Dietz 1959). In such 
spermatocytes bipolar spindles can be formed without participation of 
one or even both centrosomes. This has, however, no effect on the 
formation of a metaphase plate and on the anaphase movement of the 
chromosomes. Thus, chromosomes move towards both centric and 
acentric poles in a normal way, and at nearly equal speeds. D1IETz 
infers that’ in tipuline spermatocytes spindles are organized mostly by 
the chromosomes and the activity of centrosomes is of only minor 
importance and is limited to focussing the spindle poles. 


Summary 

1. Female somatic nuclei of Mikiola fagi contain only diploid sets 
of S-chromosomes (8 S), while germ-line nuclei have 24 chromosomes 
(8 S-chromosomes + 16 E-chromosomes). 

2. In oogenesis only S-chromosomes form chiasmatic bivalents, while 
E-chromosomes occur as univalents. At prometaphase, and immediately 
before the first maturation division, the E-chromosomes may tempo- 
rarily form associations of two, three or four, a contact which is of the 
somatic pairing type. 

3. At metaphase, E-chromosomes are simultaneously eliminated from 
the spindle. This phenomenon is probably the result of a temporary 
inactivation of the kinetochores of E-chromosomes and may be inter- 
preted as proof of the existence of transverse elimination forces in the 
spindle. 

4. The E-chromosomes eliminated from the spindle aggregate as a 
rule in one or, less frequently, two or three groups, each of which forms 
then its own spindle. 

5. Shortly before the first maturation division E-chromosomes rejoin 
the spindle with the bivalents. 

6. During the first maturation division, which is a reduction division 
for S-chromosomes, the anaphase movement of E-chromosomes is 
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greatly delayed. E-chromosomes, owing to the strong anaphase elonga- 
tion of the spindle, are passively distributed on its surface. 


7. There is no interphase between the first and second maturation 
division. Towards the end of anaphase I two small spindles of the second 
meiotic division are formed at the spindle poles, each of which contains 
only one haploid set of S-chromosomes. 

8. Equational splitting of E-chromosomes occurs mostly when the 
S-chromosomes are at metaphase of the second maturation division. 
The anaphase movement of daughter E-chromosomes begins without 
prior formation of a metaphase plate. The position of E-chromosomes 
on the spindle surface seems to have no influence on the separation of 
the daughter chromosomes and their migration to the opposite poles 
of the first meiotic spindle. The anaphase movement of the daughter 
E-chromosomes, which occurs at the time when S-chromosomes undergo 
the second maturation division, leads to the formation of two groups 
each containing 16 chromosomes. In the early stages of this movement, 
each of the daughter E-chromosomes is oriented towards the pole not 
with its kinetochore but with one of its ends. 


Thus, the bivalent S-chromosomes undergo two maturation divisions 
whereby their number is reduced, while the univalent E-chromosomes 
undergo only one equational division. 


9. It is postulated that the egg nucleus is formed as the result of 
a fusion between one haploid set of S-chromosomes and one set of 
E-chromosomes. As it is not known whether the eggs develop without 
fertilization, the establishment of the diploid number is open to dis- 
cussion. Probably, in the Polish populations of the species with a very 
low percentage of males, the development starts with the fusion of the 
egg-nucleus with a haploid set of S-chromosomes whereby the number 
is raised from 20 to 24. 

10. The evolution of cecidomyiid oogenesis is discussed. The modifi- 
cations of oogenesis observed in the subfamily Cecidomyiinae are inter- 
preted as mechanisms preventing the decrease of the number of univalent 
E-chromosomes during maturation divisions. 


11. During prophase a special nuclear material accumulates around 
the chromosomes grouped inside the nucleus and leads to its charac- 
teristic differentiation into an interior part containing both S- and 
E-chromosomes and an exterior zone of nuclear sap. In prometaphase 
the first meiotic spindle arises from material localized in the interior 
part of the nucleus. The problems of the origin of the spindle-forming 
material as well as the formation of spindles by the E-chromosomes 
eliminated into the cytoplasm are discussed. 


54* 








808 Boupan MatuszEwsk!: 


References cited 

AmBrosE, E. J., and A. Bayer: The analysis of mitosis in single living cells by 
interference microscopy. Proc. Roy. Soc. B 158, 357—366 (1961). 

Barur, V.B. DE: La spermatogenése et lovogenése chez Saccocirrus major suivies 
d’une discussion général sur le mécanisme de la réduction chromatique. Cellule 
80, 381—457 (1920). 

Baser, A.: Absolute viscosity and living mitotic spindle structure. Acta Soc. Bot. 
Poloniae 22, 331—348 (1953). — Cine-micrographic studies on mitosis in endo- 
sperm. I. Acta Soc. Bot. Poloniae 28, 383—412 (1954). — Cine-micrographic 
studies on mitotis in endosperm. III. The origin of the mitotic spindle. Exp. 
Cell Res. 18, 493—502 (1957). — Cine-micrographic studies on mitosis in endo- 
sperm. IV. The mitotic contraction stage. Exp. Cell Res. 14, 245—256 (1958). 

—, and J. Mot&-Baser: Cine-micrographic studies on mitosis in endosperm. 
II. Chromosome, cytoplasmic and Brownian movements. Chromosoma (Berl.) 
7, 558—607 (1956). 

Bantock, C.: Chromosome elimination in Cecidomyidae. 
466—467 (1961). 

Baver, H., u. W. BEERMANN: Der Chromosomencyclus der Orthociadiinen (Nema- 
tocera, Diptera). Z. Naturforsch. 7b, 557—563 (1952). 

BayREvTHER, K.: Die Oogenese der Tipuliden. Chromosoma (Berl.) 7, 508—557 
(1956). 

Bixak, K.: Beitrage zur Kausalanalyse der Mitose. II. Untersuchungen an den 
Spermatocyten von Chorthippus (Stenobothrus) lineatus Panz. Arch. Entwickl.- 
Mech. Org. 118, 359—480 (1929). 

Boss, J.: Mitosis in cultures of newt tissues. III. Cleavage and chromosome 
movements in anaphase. Exp. Cell. Res. 7, 443—456 (1954). 

BoysEN JENSEN, P.: Formations of galls-by Mikiola fagi. Physiol. Plantarum (Cph.) 
1, 93—108 (1948). — Untersuchungen iiber die Bildung der Galle von Mikiola 
fagi. Biologiske Meddelelser 18, No 18, 1—19 (1952). 

BracHET, J.: The biochemistry of development. London: Pergamon Press 1960. 

Browy, 8. W., and F. D. Bennett: On sex determination in the diaspine scale 
Pseudaulacaspis pentagona (TaRrG.) (Coccoidea). Genetics 42, 510—523 (1957). 

Catan, H. G.: A general account of experimental work on amphibian oocyte 
nuclei. Symp. Soc. Exp. Biol. 6, 243—255 (1952). 

Carson, J.G.: Microdissection studies of the dividing neuroblast of the grasshopper, 
Chortophaga viridifasciata (DE GEER). Chromosoma (Berl.) 5, 199—220 (1952). — 
On the mitotic movements of chromosomes. Science 124, 203—206 (1956). 

Dar.ineton, C. D.: The genetical and mechanical properties of the sex chromo- 
somes. V. Cimex and the Heteroptera. J. Genet. 39, 101—137 (1939). 

Deun, M. v.: Experimentelle Untersuchungen iiber den Generationswechsel der 
Cladoceren. II. Cytologische Untersuchungen bei Moina rectirostris. Chromo- 
soma (Berl.) 3, 167—194 (1948). 

Dietz, R.: Multiple Geschlechtschromosomen bei dem Ostracoden Notodromas 
monacha. Chromosoma (Berl.) 6, 397—418 (1954). — Die Spermatocyten- 
teilungen der Tipuliden. II. Mitt. Graphische Analyse der Chromosomen- 





Nature (Lond.) 190, 





bewegung wihrend der Prometaphase I im Leben. Chromosoma (Berl.) 8, 
183—211 (1956). — Multiple Geschlechtschromosomen bei den cypriden Ostra- 
coden, ihre Evolution und ihr Teilungsverhalten. Chromosoma (Berl.) 9, 
359—440 (1958). — Centrosomenfreie Spindelpole in Tipuliden-Spermatocyten. 
Z. Naturforsch. 14b, 749—752 (1959). 

DuryeEz, W. R.: Chromosomal physiology in relation to nuclear structure. Ann. 
N.Y. Acad. Sci. 50, 920—953 (1950). 





Oogenesis in Mikiola fagi 809 


GaJEwski, W.: On the behavior of univalents at meiosis in some interspecific 
Geum hybrids. Hereditas (Lund) 35, 221—241 (1949). — A cytogenetic study 
on the genus Geum L. Monogr. Bot. (Warszawa) 4, 1—416 (1957). 

Gryer-DuszyNska, I.: Experimental research on chromosome elimination in 
Cecidomyidae (Diptera). J. Exp. Zool. 141, 391—447 (1959). 

Havuscuteck, E.: Uber die Zytologie der Parthenogenese und der Geschlechts- 
bestimmung bei der Gallmiicke Oligarces paradoxus Metn. Experientia (Basel) 
15, 260—264 (1959). 

Hugues, A. F., and M. M. E. Preston: Mitosis in living cells of amphibian tissue 
cultures. J. roy. micr. Soc. 69, 121—131 (1949). 

Hugues, A. F., and M. M. Swann: Anaphase movements in the living cell. A 
study with phase contrast and polarized light on chick tissue cultures. J. Exp. 
Biol. 25, 45—70 (1948). 

Hvueues-ScuraDER, S.: Reproduction in Acroschismus wheeleri Prerce. J. Morph. 
89, 157—205 (1924). — Polarization, kinetochore movements, and bivalent 
structure in the meiosis of male mantids. Biol. Bull. 85, 265—300 (1943). — 
The “pre-metaphase stretch” and kinetochore orientation in phasmids. Chro- 
mosoma (Berl.) 8, 1—21 (1947). — Expulsion of the sex chromosome from the 
spindle in spermatocytes of a mantid. Chromosoma (Berl.) 3, 257—270 (1948). 

Inovs, S.: Polarization optical studies of the mitotic spindle. I. The demonstration 
of spindle fibers in living cells. Chromosoma (Berl.) 5, 487—500 (1953). 

—, and K. Dawn: Birefringence of the dividing cell. J. Morph. 89, 423—455 (1951). 

Joun, B.: XY segregation in the crane fly Tipula maxima (Diptera: Tipulidae). 
Heredity 11, 209—215 (1957a). — The chromosomes of zooparasites. I. Acan- 
thocephalus ranae (Acanthocephala: Echinorhynchidae). Chromosoma (Berl.) 8, 
730—738 (1957b). 

—,and K. R. Lewis: Studies on Periplaneta americana. I. Experimental analysis 
of male meiosis. Heredity 11, 1—9 (1957). 

Kautz, W.: Die Paedogenese der Cecidomyiden. Zoologica (Stuttgart) 21, Fasc. 55, 
1—80 (1908). 

Kawamura, N., and K. Dan: A cytochemical study of the sulfhydryl groups of 
sea urchin eggs during the first cleavage. J.biophys. biochem. Cytol. 4, 
615—620 (1958). 

Koopmans, A.: Die Persistenz der Chromosomenspindelfaser. Naturwissenschaften 
45, 66—67 (1958). 

Kraczkrewicz, Z.: Nouvelles recherches sur l’oogénése et la diminution dans les 
larves paedogénétiques de Miastor metraloas (Diptera). C. R. Soc. Biol. (Paris) 
119, 1201—1205 (1935). — Etudes cytologiques sur l’oogénése et la diminution 
de la chromatine dans les larves paedogénétiques de Miastor metraloas MEINERT 
(Diptera). Folia Morph. (Warszawa) 6, 1—37 (1936a). — De la différence entre 
les premiers stades de maturation des oocytes parthénogénétiques et des oocytes 
«sexués» de Miastor metraloas MEINERT (Diptera). C. R. Soc. Biol. (Paris) 128, 
879—882 (1936b). — Recherches cytologiques sur le cycle évolutif de Miastor 
metralcas MEINERT (Cecidomyidac, Diptera). Cellule 46, 57—74 (1937). — La 
spermatogénése chez Miastor metraloas (Cecidomyidae, Diptera). C. R. Soc. Biol. 
(Paris) 127, 1143—1145 (1938). — Recherches cytologiques sur les chromosomes 
de Lasioptera rubi Hera. (Cecidomyidae). Zool. Polon. 5, 73—117 (1950). 

—, et B. Matuszewsk!: Observations sur une structure atypique des chromosomes 
salivaires de certains cécidomyides. Chromosoma (Berl.) 9, 484—492 (1958). 

Lettre, H., u. R. Lerrri: Persistenz der Chromosomenspindelfaser, eine Arbeits- 
hypothese zur Deutung der karyokinetischen Vorginge. Naturwissenschaften 
44, 406 (1957). 


Chromosoma (Berl.), Bd. 12 54a 








810 Boupan MatuszEwsk1: 


Lewis, W.H.: Changes of viscosity and cell activity. Science 89, 400 (1939). 

MaruszEwskI, B.: Chromosome behaviour during oogenesis in gall midge Mikiola 
fagi Hart. (Cecidomyidea, Diptera). Bull. Acad. Polon. Sci. 8, 101—104 (1960). 

Mazi, D.: The analysis of cell reproduction. Ann. N.Y. Acad. Sci. 90, 455—469 
(1960). 

—,and J. Rostansky: The quantitative relations between total cell proteins and 
the proteins of the mitotic apparatus. Protoplasma 46, 528—-534 (1956). 
MELANDER, Y., and O. KnupsEn: The spermatogenesis of the bull from a karyo- 

logical point of view. Hereditas (Lund) 39, 505—517 (1953). 

Metcatre, M. E.: The germ cell cycle in Phytophaga destructor Say. Quart. J. 
micr. Sci. 77, 585—603 (1935). 

Metz, C. W.: An apparent case of monocentric mitosis in Sciara (Diptera). Science 
63, 190—191 (1926). — Monocentric mitosis with segregation of chromosomes 
in Sciara and its bearing on the mechanism of mitosis. I. The normal mono- 
centric mitosis. II. Experimental modification of the monocentric mitosis. 
Biol. Bull. 64, 333—347 (1933). — Chromosome behavior, inheritance and sex 
determination in Sciara. Amer. Naturalist 72, 485—520 (1938). 

— M. S. Mosss and E. N. Hoppr: Chromosome behavior and genetic behavior 
in Sciara (Diptera). I. Chromosome behavior in the spermatocyte divisions. 
Z. indukt. Abstamm.- u. Vererb.-Lehre 42, 237—270 (1926). 

Motpat, 8.: The chromosomes of the earthworms. I. The evolution of polyploidy. 
Heredity 6, , 55—76 (1952). 

Nicks, R. B.: An experimental and descriptive study of chromosome elimination 
in Miastor spec. (Cecidomyidae; Diptera). Chromosoma (Berl.) 10, 301—336 
(1959). — The chromosome cycle of a primitive cecidomyiid — Mycophila 
speyert. Chromosoma (Berl.) 11, 402—418 (1960). 

Nisvept, W.: Een geval van facultatieve parthenogenesis bij Wachtliella persicariae. 
Ent. Ber. (Amsterdam) 13, 373—375 (1951). 

OstERGREN, G.: Transverse equilibria on the spindle. Bot. Not. 1, 467—468 
(1945). — A survey of factors working at mitosis. Hereditas (Lund) 35, 


525—528 (1949). — The mechanism of co-orientation in bivalents and multi- 
valents. The theory of orientation by pulling. Hereditas (Lund) 37, 85—156 
(1951). 


—, J. Mot&-Baser and A. Basser: An interpretation of transport phenomena at 
mitosis. Ann. N.Y. Acad. Sci. 90, 381—408 (1960). 

—, and E. Vierusson: On position correlation of univalents and quasi-bivalents 
formed by sticky univalents. Hereditas (Lund) 39, 33—50 (1953). 

REITBERGER, A.: Die Cytologie des padogenetischen Entwicklungszyklus der Gall- 
miicke Oligarces paradoxus Mein. Chromosoma (Berl.) 1, 391—473 (1940). 

RESENDE, F.: Karyokinesis. Port. Acta Biol. 2, 1—24 (1947). 

—, H. Lerrre u. R. Lerrre: Zur Persistenz der Chromosomenspindelfaser. Natur- 
wissenschaften 46, 117 (1959). 

Rippanps, C. R.: The consequences of structural hybridity at meiosis in Lilium 
testaceum. J. Genet. 35, 1—24 (1957). 

Ricnarps, B. M., and A. Baser: Mitosis in endosperm. Changes in nuclear and 
chromosome mass during mitosis. Exp. Cell Res. 22, 503—508 (1961). 

Ris, H.: A quantitative study of anaphase movement in the aphid Tamalia. 
Biol. Bull. 85, 164—178 (1943). — The anaphase movement of chromosomes in 
the spermatocytes of the grasshopper. Biol. Bull. 96, 90—106 (1949). 

Sato, S.: Electron microscope studies on the mitotic figure. III. Process of the 
spindle formation. Cytologia (Tokyo) 25, 119—131 (1960). 

Scumipt, W. J.: Doppelbrechung der Kernspindel und Zugfasertheorie der Chromo- 
somenbewegung. Chromosoma (Berl.) 1, 253—264 (1939). 


Oogenesis in Mikiola fagi 811 


ScuRADER, F.: The elimination of chromosomes in the meiotic divisions of Brachy- 
stethus rubromaculatus Dauuas. Biol. Bull. 90, 19—31 (1946a). — Autosomal 
elimination and preferential segregation in the harlequin lobe of certain Disco- 
cephalini (Hemiptera). Biol. Bull. 90, 265—290 (1946b). — Data contributing 
to an analysis of metaphase mechanics. Chromosoma (Berl.) 3, 22—47 (1947). — 
Mitosis; the movements of chromosomes in cell division, 2nd. edit. New York: 
Columbia University Press 1953. 

Scott, A. C.: Haploidy and aberrant spermatogenesis in a coleopteran, Micro- 
malthus debilis Lr Conte. J. Morph. 59, 485—515 (1936). 

SHarman, G. B., and H. N. Barser: Multiple sex chromosomes in the marsupial 

' Potorous. Heredity 6, 345—355 (1952). 

Smitu, 8. G.: The cytology of some tenebrionoid beetles (Coleoptera). J. Morph. 
91, 325—364 (1952). — A pseudo-multiple sex-chromosome mechanism in an 
indian gryllid. Chromosoma (Berl.) 5, 555—573 (1953). 

StraicrerR, H.: Der Chromosomendimorphismus beim Prosobranchier Purpura lapil- 
lus in Beziehung zur Okologie der Art. Chromosoma (Berl.) 6, 414—478 (1954). 

Sticu, H. Stoffe und Strémungen in der Spindel von Cyclops strenuus. Ein Beitrag 
zur Mechanik der Mitose. Chromosoma (Berl.) 6, 199—236 (1954). 

Sticu, H. F., and J. Mcintyre: X-ray absorption studies on the nuclear protein 
and RNA content during the development of the mitotic apparatus. Exp. Cell. 
Res. 14, 635—638 (1958). 

Swann, M. M.: Protoplasmic structure and mitosis. II. The nature and cause of 
birefringence changes in sea urchin egg at anaphase. J. Exp. Biol. 28, 434444 
(1951). — The spindle. In A. F. Hucues, The mitotic cycle. The cytoplasm 
and nucleus during interphase and mitosis, n. 119—133. London: Butter- 
worth 1952. 

Waaner, K.: Uber die Entwicklung des Frosu’) ie. Arch. Zellforsch. 17, 1—44 
(1923). 

Went, H. A.: Studies on the mitotic apparatus of the sea urchin by means of 
antigen-antibody reactions in agar. J. biophys. biochem. Cytol. 6, 447—455 
(1959). 

Wuits, M. J. D.: The cytology of the Cecidomyidue (Diptera). II. The chromosome 
cycle and anomalous spermatogenesis of Miastor. J. Morph. 79, 323—369 
(1946). — The cytology of the Cecidomyidae (Diptera). III. The spermato- 
genesis of Taxomyia taxi. J. Morph. 80, 1—24 (1947a). — Chromosome studies 
on gall midges. Yearb. Carneg. Instn. No 46, 165—169 (1947 b). — Cytological 
studies on gall midges (Cecidomyidac). Univ. Texas Publ. No. 5007, 1—80 
(1950). — Animal cytology and evolution, 2nd edit. Cambridge: University 
Press 1954. 

Wo r, E.: Zur Karyologie der Eireifung und Furchung bei Cloeon dipterum L. 
(Brnetsson) (H'phemerida, Baetididae). Biol. Zbl. 79, 153—198 (1960). 

ZirKLE, R. E.: Structure of the mitotic spindle. In: A symposium on molecular 
biology, edit. R. E. ZirKiE, p. 321—331. Chicago, Ill.: Chicago University 
Press 1959. 


Dr. BoHDAN MATUSZEWSKI, 
Zaklad Cytologii, Uniwersytet Warszawski, 
Warszawa 64, Krakowskie PrzedmieScie 26/28, Polska 








Chromosoma (Berl.) 12, 812—818 (1962) 


BREAKDOWN OF DIVISION CYCLE 
AND ORGANISATION OF ATYPICAL SPINDLES 
IN FUSED POLLEN MOTHER CELLS OF LOLIUM* 
By 
H. K. Jain 
With 6 Figures in the Text 
(Received August 13th|September 5th 1961) 


A. Introduction 

Perennial rye grass (Lolium perenne) is adapted to grow in temperate 
regions. The extreme sensitivity of pollen mother cells in several of its 
clones to high temperature conditions has proved very useful in analysing 
a number of chromosomal changes and functions during meiotic division. 
The temperature induced conditions which have made this analysis 
possible include correlated failure of nucleolar and DNA synthesis in 
the chromosomes, adventitious nucleolar formation by the different 
chromosomes at the expense of their normal centromeric activity, and 
neo-centric reaction in the terminal parts of bivalents (Jatin 1957, 1958, 
1960a, 1960b). The present paper relates to breakdown of division 
cycle and organisation of abnormal spindles in the plasmodial pollen 
mother cells of a different clone subjected to similar high temperatures. 


B. Method 


Plants of a clone which formed part of material for genetical studies were 
exposed to high temperature of 34-++ 3° C during their flowering period. The treat- 
ment given for 72 hours was so timed that at the end of it, a number of spikes 
showing pollen mother cells at different stages of meiotic division were available 
for fixation. The method of temperature treatment and cytological analysis has 
been described earlier (Jatn 1957). 


C. Observations 


1. Formation of plasmodial masses 


The different pollen mother cells in the control material appear quite 
distinct and show normal meiotic behavior (Fig. 1). Following the organi- 
sation of typical bipolar spindles, the 7 bivalents have the chromosomes 
separating into two convergent groups and with the completion of the 
succeeding mitotic division, viable pollen grains are obtained. The 
disturbed course of meiosis in the treated plants could be traced to the 
failure of wall formation in the pollen mother cells as a result of which 


* These studies were undertaken at the Department of Agricultural Botany, 
University College of Wales, Aberystwyth, and I am grateful to Prof. P. T. Taomas 
for helpful advice. 
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they fuse into plasmodial masses of varying size (Figs. 2, 4). A number 
of such masses occur in the anthers; in some of them the faint outlines 
of individual cells could be still recognised. Except for the failure of 
wall formation in the resulting pollen mother cells, the premeiotic mitotic 
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Fig. 1. Pollen mother cell showing 7 bivalents on a metaphase plate (control material). 

x 1680. — Fig. 2. A plasmodium showing 16 out of a total of 17 distinct nuclei, each 

with 7 clumped bivalents in the diakinesis- stage. A single nucleolus (N) can also be 

observed in many of them. x 225. — Fig. 3. Oversize methaphase plate with the bivalents 
showing normal orientation <x 970 


divisions give every indication of having been normal, for the nuclei 
in the cytoplasmic masses with their intact membranes appear similar 
to those in the cells of the control material and enter the meiotic prophase 
with characteristic regularity. 


2. Oversize metaphase plates and divergent anaphase separation 
The prophase development of chromosomes in different nuclei in a 
plasmodium is found to be perfectly synchronised. This is as much 
evident at early prophase as at diakinesis, with all the bivalents showing 
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Fig. 4. Four metaphase plates of varying size in a plasmodium. The one at the upper left 
corner is of normal size with only 7 bivalents. x 600 


rE ee xa < 
< 8 ~~ on 
io) s ee TB : 
8 r 
oP e, f 5 
“eo fe i 
® ° ‘ 
; i . ge 


Fig. 5. Anaphase-I separation of divergent type from an atypical spindle. x 530 


uniform condensation (Fig. 2). A single nucleolus can also be seen in 
each of the nuclei. 
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The barrier which keeps the different nuclei separate from one another 
in the common cytoplasm disappears with the beginning of metaphase. 
Following the dissolution of the nuclear membrances, the bivalents from 
different nuclei arrange themselves on a common metaphase plate in 
many of the plasmodia. In other words, a single giant spindle is organised 
in these (Fig. 3). In others, several] spindles may be organised which 
vary in size, some having as many as 56 or more bivalents on their 
equatorial region, others as few as 7, the normal number (Fig. 4). The 
co-orientation of biva- 
lents on all the spindles e 
including the very large 
ones, is found, as a rule, 
to be very regular. Apart 
from the increase in the 
size of the equatorial 
region, an error in the 
organisation oftheachro- 
matic figures manifests 
it self at anaphase when 
the bivalents are found 
to show divergent type 
of separation. The sepa- 
rated chromosomes, in- 
stead of converging to 
two poles as in the con- 
trol plants, aredistribu- §& 





ted in lines running  yig.6. “Pollen grains” varying in size, each with two 
parallelto the metaphase or more degenerated nuclei. x 365 

plate (Fig.5).Thislength- 

wise distribution of the chromosomes clearly indicates that the “‘spindles” 
are without well defined poles. They are probably as wide in their 
terminal parts as in the middle. The widely scattered anaphase chromo- 
somes fail to be included into a single telophase nucleus. Instead, a 
large and several smaller nuclei of differing size are constituted. The 
cytoplasm between the two groups of chromosomes divides regularly 
but this is not followed by the formation of cell walls. 


3. Breakdown of nuclear cycle 
The breakdown of meiotic division in most plasmodia occurs at this 
stage. The telophase nuclei appear highly pycnotic showing obvious 
signs of degeneration. They do not proceed further with the nuclear 
cycle. The very few nuclei which enter second division show a regular 
mitotic metaphase but the chromosomes undergo a similar disorganisa- 
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tion of the chromatin material soon after their anaphase movement. 
Thus, no viable pollen grains are formed; they are replaced by cells 
which are extremely variable in size, having two or more pycnotic nuclei 
(Fig. 6). 

D. Discussion 

The occurrence of plasmodial pollen mother cells in a number of 
plants has been described previously by several authors including LEs- 
DEFF (1940), SmrrH (1942) and Snoap (1954). In all these cases, the 
abnormality has been shown to be genetically determined. In the present 
material there is little doubt that a direct temperature effect is responsible 
for the plasmodial condition and the genotypic factors are of importance 
only in so far as they determine the response of the clone to temperature 
treatment. This genotypic importance is indicated by the fact that 
plants of other clones similarly treated failed to respond in an identical 
manner. 

The course which meitoic division takes in a plasmodium may vary 
depending upon its size, mode of origin and other factors. In the present 
material it corresponds, in its pre-telophase stages with the sequence 
described by SmirH (1942) in the so-called multiploid sporocytes of 
barley. The formation of large size metaphase plates and the diffuse 
nature of spindle poles resulting in divergent type of anaphase separa- 
tion, are the most striking features of this sequence. They are of obvious 
interest in relation to the mode of organisation of the spindle and the 
mechanism determining metaphase arrangement and anaphase separa- 
tion of chromosomes. 

The organisation of spindles is generally believed to be a result of 
orientations produced by the centrosomes, whose role is obvious and the 
centromeres whose contribution is not so obvious (SWANN 1952). Swann 
has also offered an explanation for the typical form of the achromatic 
figure. He has suggested that when the two regions of orientation, 
initiated by the two centrioles, meet, the two lines of orientation would 
bend round and arrange themselves parallel which would necessarily 
produce a spindle shape. The formation of atypical spindles in the 
plasmodial masses provides support both for the important role of centro- 
meres in organising these bodies and of the centrosomes in determining 
their form. It is clear that the organisation of giant spindles in the present 
material and, by analogy, in the multiploid sporocytes of Smrru, is 
brought about entirely by the centromeres without any contribution 
of the centrosomes. The coordination of the different pollen mother 
cells in the plasmodial masses in organising a single spindle is difficult 
to visualise with the centrosomes which, if present, must necessarily 
be widely distributed, playing an active role. With their activity, one 
would expect, at best, a multipolar spindle without a regular equatorial 
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region. The absence of well defined poles and the regular form of the 
metaphase plate both point to the important role of the centromeres. 
The manner in which the centromeres may organise such a spindle is 
suggested by the observations of DaRLINGTON and THomas (1937) on 
a trisomic derivative of a Lolium-Festuca hybrid. In this genotypically 
unbalanced plant, these authors found that the individual centromeres 
form separate spindle fibres which arrange themselves parallel with the 
chromosomes in an equatorial plate, without converging at the poles. 
It is obvious that in a plasmodial mass, the fibres formed by the centro- 
meres in all the numerous bivalents not separated by cell walls, can be 
organised in a similar manner, into a single spindle, unless the chromo- 
somes are very widely separated in which case more than one spindle 
of varying size, may be formed. 

Having concluded that the spindles are organised without the activity 
of the centrosomes, it follows that the observed anaphase separation 
of chromosomes is also independent of polar forces which are difficult 
to conceive in the absence of well defined poles and without the orien- 
tation of the centrioles. The existence of polar forces which play an 
important role in the establishment of the metaphase configuration and 
in the anaphase separation of chromosomes has been postulated among 
others by OsTERGREN (1951). The importance of well defined poles in 
the spindle would appear to lie primarily. in the grouping of:the separated 
chromosomes into a single nucleus. 

While the organisation of atypical spindles is, as pointed out earlier, 
a most striking feature of the abnormal meiotic behaviour, it is to be 
regarded meerly as an incidental outcome of the factors responsible for 
the failure of cell wall formation and breakdown of the division cycle. 
It is true that the divergent anaphase separation which these spindles 
give, leads to formation of nuclei with varying number of chromosomes. 
This unbalance, however, particularly in the case of polyploid nuclei, 
is not expected to result in their immediate degeneration as observed. 
It is far more likely that temperature treatment directly affects one or 
more of the mechanisms which are responsible for carrying through of 
the division cycle. The probable nature of the more important of these 
mechanisms has been discussed in recent years among others by SwANN 
(1957) and by Huaues (1952). 


Summary 
1. Breakdown of meiotic division cycle in the plasmodial pollen 
mother cells of Lolium has been described. The plasmodia were formed 
in a clone following high temperature treatment of its plants. 
2. Two characteristic features of meiotic sequence in the plasmodial 
masses are the organisation of giant metaphase plates and anaphase 
separation of divergent type. 
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3. The observations provide evidence which shows that the atypical 
spindles are organised exclusively through the activity of the centro- 
meres. The lack of well defined poles in them is explained by the in- 
activity of centrosomes. It could be concluded that both metaphase 
arrangement of bivalents as well as their anaphase separation can occur 
independently of the polar or the centrosome forces. 

4. It has been suggested that the temperature treatment affects one 
or more of the mechanisms responsible for carrying through of the 
division cycle. 
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— bei Drosophila, EinfluB des Y auf 
phasenspezifische Funktionsstruktu- 
ren 683—716 
— bei Melanoplus, Bewegungs- und 
Orientierungsverhalten des univalen- 
ten X 97—115 
— bei Mesocricetus (ambivalente X- 
Chromosomen) 362—373 
— bei Notonectidae 323—325 
— bei Panorpa 218, 219, 222 
— bei Tipula oleracea, Bewegungs- und 
Orientierungsverhalten als Trivalent- 
partner und als Univalente 123—133, 
139—143, 147—154, 157, 
159—184 
— — — —, Nachweis 122 
Gesneriaceae 603 
Geum 793 
GEYER-DuszynsKA, I. 288—247 (Partial- 
embryo irradiation in Cecidomyiidae), 
801 
Guosu, P. N. 398, 406 
GuAss, E. 410—421 (Weitere Unter- 
suchungen zur Genomsonderung I. 
Modellversuche), 422—482 (II. Anord- 
nung der Chromosomen in Wurzel- 
spitzenmitosen von Bellevalia) 
Glyptotendipes 27 
Godetia 92 
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Gopman, G.C. 211 
Goldhamster s. Mesocricetus auratus 
Go.psTEIN, L. 394, 395 
Goon, C. M. 566 

Gorint, L. 640 

Gorin, R. J. 573, 581, 583 
Gossypium 585 
GOTTSCHALK, W. 449, 603 
GraF, G. E. 42 

Grampp, W. 384 

Gray, L. H. 490, 497 
GRELL, K. G. 227, 677 
Groscu, D. 8S. 352 

Gryllus 113 

GuyEnot, E. 707, 708 
Gyropus 345 


Haemanthus katharinae, Doppelbrechung 
in Endospermmitosen 48—71 
— —, Mitoseverhalten ungeteilter Chro- 
mosomen 72—96 

Haematopinus 345, 346 

HAxansson, A. 92, 437 

Halbchromatidenbriiche 193—214 

Halepensia 460, 463, 464 

Halistaura 48 

Hakka, O. 344 

Hatten, O. 384 

HaNSEN-MELANDER, E. 3874—881 (A. 
Bayer, H., Y.MELANDER and J. 
Moxz-Baser: Meiosis in Cepaea stu- 
died by microcinematography) 

Haploidie der Mannchen von Haplothrips 
351—361 

Haplothrips statices, H. tritici, Haploidie 
der Mannchen und Endopolyploidie- 
grad beider Geschlechter 351—361 

Hague, A. 210 

Hara, S. 248 

Harpen, D. G. 280, 283—285 

Harman, M. T. 553, 569 

Hartwia, N. 565, 566, 569 

DE HaRvEN, E. 677 

Hasitscuka, G. 718, 721, 725 

HasITscHKA-JENSCHKE, G. 466—4838 
(Vergleich des Eu-/Heterochromatin- 
verhiltnisses in riesenchromosomen- 
artigen Bildungen und Prophase- 
chromosomen bei Bryonia) 

HassEnKaAmp, G. 719 

Havuscuka, T. S. 362 

Havscutek, E. 742, 785, 803 
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Hecuter, O. 671 

Heecer, E. 351 

Herisrvunn, L.V. 61 

Hertz, E. 467, 472, 477, 478, 585, 717 

Herzer, P. 327 

HE teEntvs, O. 344 

Herer, R. G. 287—289, 299, 302, 303 

Heliothrips 359 

Hemerobiidae 567 

Hemiptera, diffuse Kinetochoren, Nach- 
weis durch Fragmentation 327 


bis 350 
—,— —, lokalisierte Aktivitaét 327, 329, 
330, 339—343 


HENDERSON, M. T. 248, 258—262, 267 
HenpDeERSON, 8S. A. 558—572 (The chro- 
mosomes of the British T'etrigidae) 

Henke, K. 607 
Hersuoopr, M. W. 412, 431 
Hert, M. 717 
HERZBERG, K. 680 
Hess, O. 676—716 (G. F. Mryer, H. und 
W. BrrermMann: Abhiangigkeit phasen- 
spezifischer Funktionsstrukturen vom 
Y-Chromosom bei Drosophila) 
Heterochromatin (s. a. Heteropyknose) 
bei Aquilegio, Erscheinungsformen 
und Funktion 587, 594, 595, 600—603 
— bei Bryonia (Eu-/Heterochromatin- 
verhaltnis in Prophasechromosomen 
und riesenchromosomenartigen Bil- 
dungen) 466—483 
— und lokalisierte Chiasmata 566—568 
— bei Chironomus, Bruchhaufigkeit nach 
Réntgenbestrahlung 30—34, 
42, 43 
— — —, interspezifische Unterschiede 
27—47 
— — — und RNS 33—35, 41, 42 
— — — und Speicheldriisenchromoso- 
men-Morphologie 40 
— bei Drosophila, EinfluB auf die Aus- 
bildung von Funktionsstrukturen 712 
— bei Mesocricetus 362, 365, 368-—371 
— bei Mikiola, Heteropyknose der S- 
Chromosomen 745—811 
— bei Panorpa 216, 218—220 
— bei Urtica, elektronenoptische Unter- 
suchung der Chromozentren 717—727 
— bei Zea und akzessorische Kineto- 
choren 730, 733, 736—738 
— und lokalisierte Chiasmata 566—568 
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Heteroptera 318, 324, 325 

Heteropyknose (s.a. Heterochromatin), 
X von Melanoplus 99, 100 

Hicks, G. C. 708 

Hincks, W. D. 554 

Hinton, T. 467 

Hoven, J. W. H. 436 

Homo 362 

— sapiens, partielle Trisomie als Ursache 

des OFD-Syndroms 573—584 
— —,Trisomie fiir Chromosom Nr. 18 
280—285 

Hopkins, J. T. 365, 368 

Hoppe, E. N. 788 

Hordeum 585 

hormoninduzierte Puffbildung 607—675 

Hornsey, S. 497 

Horton, I. H. 26 

Howarp, A. 497 

HrynkKIeEwicz, A. 64 

Hsrane, W. 467 

Hstren, S. 248, 258, 260—262 

Hsv, T. C. 486 

Hvettner, A. F. 683, 708 

Huauess, A. 64, 68, 790, 798, 799, 817 

Huaues, R. D. 26 

HuaGues-ScuraDeEr, S. 89, 92, 110, 112, 
116, 180, 190, 226, 227, 325, 327—350 
(H. and F. ScurapEr: The kineto- 
chore of the Hemiptera), 352, 404, 600, 
769, 786, 794—796, 804 

Humbertiella 92, 325, 769, 794, 795 

Humpurey, R. R. 368 

Hoskins, C. L. 412, 422, 429, 431 

Hustep, L. 362, 365, 368 


Intert, G. 340 

Impatiens 585 

Inampapr, N. B. 112, 180 

Innorn, S. L. 280—283, 578—584 (K. 
Patau, E. THEermay, I., D. W. Smite 
and A. L. Russs: Partial trisomy as 
cause of the OFD syndrome) 

[voukb, S. 48—63 (I., and A. BagEr: 
Birefringence in endosperm mitosis), 
64, 65, 68, 70, 183, 798, 799 

Insertion bei Callipiamus 272—279 

— als Ursache des OFD-Syndroms beim 
Menschen 573—584 

Interferometrie, Massenbestimmung des 
Nucleolus aus Speicheldriisenkernen 
von Chironomus thummi 382—397 
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Interzonalregion 82 

Inversion bei Chironomus, geschlechts- 
gebundene 37 

— bei Drosophila, strahleninduzierte 288, 
289, 301—307 

— bei Oryza japonica-indica Bastarden, 
Pachytanstrukturanalyse 256, 260 bis 
263, 265, 267 

Tris 48 

Ito, 8S. 687 

Izutsu, K. 179, 180 


Jacos, F. 22 

Jain, H. K. 436, 812—818 (Breakdown of 
division cycle and organisation of aty- 
pical spindles in fused PMC of Lolium) 

JAMIESON, A. 563 

JANAKI-AMMAL, E. K. 310 

JanpDE, S. 8. 818—326 (Chromosome 
studies in Notonectidae) 

JapPHA, B. 603 

JEFFREY, E. C. 708 

Jovon, N. E. 248, 258—262, 267 

JoHN, B. 229, 488—448 (K. R. Lewis 
and J.: Hybridisation in wild popula- 
tion of Eleocharis), 558, 560, 566, 568, 
786, 790, 793, 799 

Jounsson, H. 80, 83—85 

JORDAN, H. E. 351 

JuEL, H. O. 434 


Kautz, W. 742, 785 

Kamrya, N. 82, 380 

Kaptan, W. D. 362 

Karson, P. 24, 608, 610, 614, 617, 623, 
642, 669, 670, 671, 672 

Karo, 8. 248 

KavurMann, B. P. 41, 42, 190, 287—289, 
302, 303, 479, 678 : 

Kawacucui, E. 538, 539 

Kawamura, N. 803 

Keimbahnchromosomen s. Chromosomen- 
Elimination 

Kempter, E. 351—361 (H. Rister und 
K.: Haploidie der Mannchen und 
Endopolyploidie bei Haplothrips) 

Kern, Differenzierung in der Oogenese 
von Mikiola 748—757, 786 

— -Membran, Doppelbrechung in Endo- 

spermmitosen von Haemanthus 53 
—. —, elektronenoptisch 680, 708 
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Kern-Volumen, Veranderungen in der Pro- 
phase 375, 693 
Kerr, W. E. 345, 346 
KetcHety, M. M. 667 
KeEvuneEKE, W. 228 
Kevan, D. K. McE. 554 
Kryt, H.-G. 26—47 (Chromosomen- 
evolution bei Chironomus), 227, 303, 
387, 388 
Keyt, I. 27 
Kuvostova, V.V. 303 
Krnara, H. 398, 406 
KixupomgE, G. 728, 729, 736, 738 
Kmsat, R. F. 384 
Kinetochoren, akzessorische 347, 348, 728 
bis 740 
—,— und Heterochromatin 730, 733, 
736—738 
—,— und gerichtete Reduktion 730, 733, 
736—738 
—, Bau 27, 87, 88, 346—348 
— und Chromosomenfasern 729, 738 
—, diffuse 327—350 
—, —, lokalisierte Aktivitat 327, 329, 330, 
339, 340—343 
—,—, Evolution 344 
—,—, Orientierung 343, 344 
—, multiple 327, 347 
—, Orientierung 90, 92, 93, 162—172, 
174—182, 234—325, 343, 344 
— und Spindeldoppelbrechung bei Hae- 
manthus 53, 61, 62 
—, Umorientierung bei Melanoplus 97 bis 
115 
—,— bei Tipula 127—133, 137—143, 
150, 151, 153, 162—172, 174 bis 
182 
Kine, E. D. 210 
Kiwnosita, R. 362 
Kurnestept, H. 558 
KnupseEn, O. 786 
Ko.uer, P. Cu. 287—289, 299, 302, 303 
Konpo, A. 259, 269 
Koopmans, A. 805 
Kosaka, H. 248 
Koskez, TH. 286 
Kostorr, D. 405 
KRAOZKIEWICZ, Z. 234, 742, 744, 793, 797, 
802 
Kramer, U. 352 
Kristallnadeln und tubulire Funktions- 
strukturen, Ausbildung in Abhangig- 





keit vom Y-Chromosom bei Drosophila 
696—713 

Kuane, H. H. 259 

Kiun, A. 607, 667 

Kunze-Miat, E. 286—809 (Bruchstellen- 
verteilung natiirlicher und strahlen- 
induzierter Chromosomendislokatio- 
nen bei Drosophila) 

Kuruanp, C. G. 669, 671 

Kuwapa, Y. 310 


La Cour, L. F. 192, 210, 424, 435, 445, 
567 
Lamellenkérperchen in Drosophila-Sper- 
matocyten 687, 705—713 
Lamm, R. 80, 84, 85 
Lanchnophora 340 
Larson, I. 565, 566, 569 
LawRENCE, E. G. 26, 44 
Lreaaug, B. B. 708 
LEesperr, G. A. 816 
Lebenduntersuchungen bei Cepaea nemo- 
ralis, Spindelbewegungen und Ver- 
anderungen des Kernvolumens 
374—381 
- bei Drosophila melanogaster, Abhangig- 
keit phasenspezifischer Funktions- 
strukturen vom Y-Chromosom 693 
bis 698 
— bei Haemanthus, Mitoseverhalten un- 
geteilter Chromosomen 72—96 
— — —, Spindeldoppelbrechung 48—63 
— bei Melanoplus, Bewegungs- und Um- 
orientierungsverhalten des univalen- 
ten X 97—115 
— bei Tipula oleracea, Bewegungs- und 
Umorientierungsverhalten von Uni- 
valenten, Bivalenten und Trivalenten 
116—189 
LE Catvez, J. 227, 228 
Lepovx, A. 352 
Lzpvuc, E. 691 
Lepidoptera 505—552 
Lester, G. 671 
Lestremiinae 788, 800, 801 
Letrrt, H. 805 
Lettre, R. 805 
Leucopogon 446 
Levan, A. 88, 399, 424, 437, 490, 499, 500 
LEvENBOOK, L. 41 
Lewis, D: 497 
Lewis, E. B. 679, 712 
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Lewis, K. R. 340, 483—448 (L. and B. 
Joun: Hybridisation in a wild popu- 
lation of Eleocharis), 558, 560, 566, 
568, 786, 790 

Lewis, M. R. 61 

Licht, sichtbares, Sensibilitat iiberleben- 
der Zellen gegeniiber 55, 62 

Lizsz, W. 719 

LILIENFELD, F. A. 406 

Lilium 48, 55, 792, 799, 804 

— longiflorum, Analyse des Chromo- 
somenbaus durch Roéntgenbestrahlung 
kontrahierter Meiosechromosomen 190 
bis 214 

Lima-pE-Fartia, A. #5, 88, 93, 346, 449, 
456, 555, 600, 603 

Limnothrips 359 

Lin, M. 395 

Linnert, G. 449—459 (Struktur und 
Polymorphismus der Nukleolen- 
chromosomen, Quadrivalente und B- 
Chromosomen bei Aquilegia), 585 bis 
606 (Variabilitat der Pachytanchro- 
mosomen von Aquilegia) 

Liothrips 351 

Lipp, C. 538 

Lis, E. F. 573, 577, 581—583 

Locus s. Genlocus 

Locusta 563 

Lolium 436 

- -Festuca Bastarde 817 

—- perenne, Fusion der PMZ, Bildung 
atypischer Spindeln und Zusammen- 
bruch der Teilung infolge Temperatur- 
behandlung 812—818 

Lomakka, G. 384 

Lonauey, A. E. 310, 729 

Luoas, W. J. 554 

Luculla 344, 345, 437 

“Lopwie, D. 670 

Lviffia ferchaultella, parthenogenetische 
Entwicklung und Diploidisierung der 
Oocyten 505—552 

~-- —, Chromatindiminution 523 

— —, Chromosomenzahl 536 

-- —, Kinetochorentyp 537 

— lapidella, Chromatindiminution 509 

— —, Chromosomenzahl 521, 522 

-- —, Kinetochorentyp 522 

—- —, Oogenese 509—522, 536—552 

Lumbricidae 789 

Lycopersicon 84, 85 





Maas, W. K. 640 
McCirntock, B. 190, 203, 262, 273 
McCuiuna, C. E. 272, 278, 565 
McDona.p, M. R. 41, 42 
MacDona.p, S. 669 
McDonoau, R. 8. 506, 545 
McFappen, E. 8S. 398 
McGrata, R. A. 380 
McGreeoor, H. C. 709 
McIntyre, J. 804 
Mackenzik, W. A. 294 
Mackey, J. 88 
McLezisu, J. 42 
McMaster, R. D. 191, 209 
McMaster-Kaye, R. 382 
MasEpa, T. 227 
Magoon, M. L. 460—465 (M. and K. G. 
SHAMBULINGAPPA: Karyomorphology 
of Sorghum) 
Marnx, F. 286, 305, 307, 477 
Maxrno, S. 362, 369, 568, 569 
Matuerros, N. 344 
Manifestation s. Genmanifestation 
Mantoidea 786 
Marts, M. O. 501 
Marks, G. E. 437, 555 
Marqvuarnt, H. 423, 424, 603, 719 
Marsnak, A. 398 
Masma, I. 267 
MatuHeEr, K. 291, 435, 445, 446, 467, 563, 
564 
Matrnry, R. 215, 228, 229, 362, 
365 
MatuszEwskI, B. 242, 741—811 (Oogene- 
sis in Mikiola fagi) 
Mazi, D. 64, 394, 803 
MECHELKE, F. 1, 2, 18, 20, 21, 44, 385, 
391, 608, 628, 660 
Mecistorhinus 788, 794 
Mecoptera 215—232 
Mecostethus 565 
Meiose bei Anisops fiebri 323 
— — — niveus 319—323 
— — — gardea 323 
— — Calliptamus palaestinensis, Ver- 
halten eines heteromorphen Bi- 
valents 272—279 
— — Cepaea nemoralis 374—-381 
— — Euschistus, Normalablauf und Ver- 
halten holokinetischer Chromo- 
somenfragmente 333—341 
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Meiose bei Liliwm longiflorum, Briiche 
nach Réntgenbestrahlung kontra- 
hierter Chromosomen 190—214 

— — Lolium perenne, Fusion der PMZ, 
atypische Spindelbildung und Zu- 
sammenbruch der Teilung infolge 
Temperaturbehandlung 812—818 

— — Luffia ferchaultella (parthenogene- 

tische Art) 522—552 
— — — lapidella (bisexuelle Art) 509 
bis 522 

— — Melanoplus, Umorientierung des 
univalenten X-Chromosoms 97 bis 
115 

— — Mesocricetus 365, 367—371 

— — Mikiola fagi, atypisches Verhalten 
der E-Chromosomen 741—811] 

— — Oryza japonica-indica Bastarden, 
Pachytananalyse 248—271 

— — Panorpa, achiasmatische Sperma- 

togenese, typische Oogenese 215 
bis 232 

- Solubea, Normalablauf und Ver- 

halten holokinetischer Chromo- 

somenfragmente 339—341 

Tetrix ceperoi, T'. sobulata, T. un- 

dulata, lokalisierte Chiasmata 555 

bis 568 

- Tipula oleracea, Bewegungsver- 

halten von Univalenten, Bivalen- 
ten und Trivalenten in Spermato- 
cyten I. 116—189 
MeELanpER, Y. 88, 374—381 (A. Basmr, 
E. Hansen-MELANDER, M., and J. 
Moxit-BasEeR: Meiosis in Cepaea 
studied by microcinomatography), 786 

Melanoplus differentialis, Umorientierung 
des univalenten X-Chromosoms 
97—115 

— —,Dauer der Prometa-Metaphase I 
105 

— —, X-Chromosom, Geschwindigkeit 

nach Umorientierung 105 

— —,—, Morphologie 99, 100 

— —,—, Umorientierungshaufigkeit 105 

Melichrus 441 

Melilotus 258, 262 

— Bastarde 263, 265 

MeELLo-Sampayo, T. 248, 260, 262, 728 bis 

740 (A spontaneous derivative ab- 
normal chromosome 10 in maize) 
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Menpgs, L. O. T. 339 
Merriam, R. W. 352 
MEsEtson, M. 212 
Mesochaetopterus 48 
Mesocricetus auratus, Chromosomen- 
bestand 362—365 
— —, X-Chromosomen, ambivalente 
362—373 
Mesostethus 558 
Metaphase (s. a. Meiose, Mitose) 109—113 
— -Platte, gegenseitige Anordnung der 
Chromosomen 430, 431 
— — bei ungeteilten Chromosomen 74, 
76, 84, 85 
—, Spindeldoppelbrechung in Endo- 
spermmitosen von Haemanthus 53 
Metapodius 324 
Mercatre, M. E. 742 
Methanol 72—96 
Metriocnemus 228 
Mevz, C. W. 12, 26, 44, 228, 430, 742, 788 
Meyer, G. F. 676—716 (M., O. Huss und 
W. Breermann: Abhangigkeit phasen- 
spezifischer Funktionsstrukturen vom 
Y-Chromosom bei Drosophila) 
Miastor 111, 234, 245, 742, 785 
Micov, J. 394 
Micromalthus 788 
Mikiola 242 
— fagi, Oogenese 741—811 
Mikrointerferometrie, Massenbestimmung 
des Nucleolus aus Speicheldriisen- 
kernen von Chironomus 382—397 
Mikrokinematographie, Mciose von Cepaea 
nemoralis 374—381 
Mikrospektrophotometrie, Extinktion des 
Nucleolus in Speicheldriisenkernen bei 
Chironomus 384, 391—397 
—, DNS-Gehalt der Chromosomensatze 
bei Arten und Bastarden von Triticum 
398—400, 404—407 
Mikrosporogenese, Liliwm longiflorum, 
Analyse des Chromosomenbaus durch 
Réntgenbestrahlung kontrahierter 
Chromosomen 190—214 
—, Lolium perenne, Fusion der PMZ, 
atypische Spindelbildung und Zu- 
sammenbruch der Teilung durch 
Temperaturbehandlung 812—818 
MituER, R. A. 370 H 
Mirsky, A. E. 394, 404, 600 
Misra, A. B. 553, 569 
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Misra, R. N. 248—271 (S. V. S. SHastry 
and M.: Pachytene analysis in Oryza. 
II. Sterility in O. japonica-indica 
hybrids) 
Mitose bei Euschistus, Normalverhalten 
holokinetischer Chromosomen 
328, 329, 339—341 
— — —,Verhalten von Fragmenten 
holokinetischer Chromosomen 
332, 333, 339—341 
— bei Haemanthus, Verhalten ungeteil- 
ter Chromosomen 72—96 
— — —, polarisationsoptische Unter- 
suchung der Spindel 48—71 
— bei Mesocricetus 362—366, 368—371 
— bei Solubea, Normalverhalten holo- 
kinetischer Chromosomen 328, 
329, 339—341 
— — —,Verhalten von Fragmenten 
holokinetischer Chromosomen 
332, 333, 339—341 
Mirra, J. 501 
Mirra, S. 210, 211 
Mizusuima, U. 248, 259, 269 
Morrett, A. A. 229 
Monanty, H. K. 248, 258, 260, 262 
Monr, O. 345 
Moina 804 
Moxk-Baser, J. 49, 55, 64, 65, 73, 74, 
76, 78, 81, 82, 89, 92, 93, 110, 111, 
874—881 (A. Baser, E. Hansen- 
MELANDER, Y. MELANDER, and M.: 
Meiosis in Cepaea studied by micro- 
cinematography), 787, 790, 795, 796, 
805 
Monarthropalpus 784 
Monop 22 
MonrTALENTI, G. 229 
Moors, M. B. 365, 368 
Moraean, T. H. 263 
Morris, R. 600 
Mosss, M. J. 564, 598, 676, 677, 707 
Mosszs, M. S. 788 
Mora, M. 436 
MortisEr, D. M. 347 
Mucoproteide, Sekretgranula der Spei- 
cheldriisensonderzellen bei Chirono- 
mus 6, 7 
Miuer, E. 286, 288, 289, 292, 295, 300, 
305, 307 
Minrzine, A. 310, 314 
Movtpat, S. 789 
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Mutter, H. J. 467, 479, 480, 678 

Mus 362, 365, 368, 371 

Mutation s. Chromosomenmutation, Gen- 
mutation 

Mycophila 788, 800—803 

Myrmeleotettix 563 

Mytilus 48 


Napoors, R. K. 565, 566, 569 

Narsew-Horstetre|r, M. 505—552 (Cyto- 
logie comparée de l’espéce parthéno- 
génétique Luffia ferchaultella et de 
lespéce bisexuée L. lapidella) 

NataraJAn, A. T. 262, 398, 401, 406 

Navasuin, M. 402 

NAVvILLE, A. 215, 216, 222, 227, 228, 707, 
708 

Naytor, B. 566 

NEBEL, B. R. 190, 210 

Ness, J.C. 670 

Nimec, B. 422, 429 

Nemeritis 548 

Neo-Centromeren s. Kinetochoren, 
akzessorische 

Neoheegeria 351, 360 

NEvUBERT, J. 288 

Nevuavus, M. J. 678, 710 

Neuroptera 567 

Neurospora 22 

Nickias, R. B. 97—115 (Pole-to-pole- 
movements of the X in Melanoplus), 
234, 345, 785, 788, 800—803 

NisvELpT, W. 803 

Noausa, 8. 368, 369 

Nomotettiz 569 

Non-Disjunction infolge Trivalentbildung 
bei Tipula 128, 132, 168—172 

Nonipsz, J. F. 228 

Notonecta 318, 323, 324, 326 

Notonectidae 318—326 

Novirzk1, E. 306, 307 

Nowttin, N. 99 

Nucleolus 43, 219 

—, Bruchhiufigkeit 32, 33 

—, Bildung durch Diplotanchromosomen 
751 

—, elektronenoptische Morphologie 
681—683 

—., Farbbarkeit, differentielle 609 

—., mikroniterferometrische und UV- 
mikrospektrophotometrische Unter- 
suchung 382—397 
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Nucleolus-Organizer 721, 722, 725 
Nucleus, Differenzierung in der Oogenese 
von Mikiola 748—757, 786 
—, Membran, Doppelbrechung in Endo- 
spermmitosen von Haemanthus 53 
" —,—,elektronenoptische Untersuchung 
bei Drosophila 680, 708 
—, Volumenveranderungen in der Pro- 
phase 375, 693 
Nur, U. 272—279 (Meiotic behavior of 
an unequal bivalent in Calliptamus) 
Nyaren, A. 310 


Occhalia 327 
OEHLKERS, F. 585, 599, 600, 602 
Ocenothera 84, 85, 446, 560 
OstERGREN, G. 64, 65, 72—79 (O. and 
A. BasErR: Mitosis with undivided 
chromosomes I.), 80—96 (Mitosis with 
undivided chromosomes II.), 98, 110 
bis 112, 117, 177, 178, 180—182, 192, 
210—212, 374, 560, 786, 790, 792, 793, 
795, 796, 817 
OFD-Syndrom 573—584 
Onno, S. 362—873 (O. and C. WeILER: 
Sex-chromosome behavior in Meso- 
cricetus) 
Oxa, H. 248, 258—262, 266—268 
OxamorTo, M. 405, 456 
Oligarces 742, 785, 803 
Oligotrophus 748, 801 
Oocytenteilungen bei Luffia ferchaultella 
(parthenogenetische Art) 
§22—552 
— — — —, Phasendauer 534 
— — — lapidella (bisexuelle Art) 
509—522 
— — — —, Phasendauer 520 
— bei Mesocricetus 367—371 
— bei Mikiola 741—811 
— bei Panorpa 222—224, 226 
OrnsTEIN, L. 399 
Orthacanthacris 568 
Orthocladiinae 2, 742 
Orthoptera 272, 279, 487, 553—572, 786 
Oryza 248—271 
— japonica x O. indica, 
turanalyse 248—271 
Osawa, 8S. 394 
OstreRHOUT, W. J. V. 55, 62 
Ostracoda 788 


Pachytanstruk- 
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Oxalis 437 
Oxycarenus 339 


Paarung s. Chromosomenpaarung 

Pachytanstrukturanalyse bei Aquilegia 
449—459, 585—606 

— bei Mikiola 746 

— bei Oryza-japonica-indica-Bastarden 
248—271 

— bei Sorghum 460—465 

Paeonia 263, 603 

Pat, R. A. 3898—409 (P., M. D. Upapuya, 
S. BHaskaran and M. 8S. Swamina- 
THAN: Chromosome diminution and 
evolution of polyploids in T'riticwm) 

Painter, T. S. 467, 479 

Pales 117, 181, 806 

Panttz, R. 660 

Panorpa 215 

— cognatha, achiasmatische Spermato- 
genese 215—232 

— communis, Chromosomenzahl 216 

— —, Oogenese 222—224, 226 

— —,achiasmatische Spermatogenese 

215—232 

— germanica, Chromosomenzahl 216 

— —, Oogenese 222—224, 226 

— —,achiasmatische Spermatogenese 

215—232 

Papaver 466, 477, 478 

PapitLton-LEAGE, Mme. 573 

Pappas, G. D. 677 

Paratettiz 565, 566, 568—570 

Parpt, L. 517 

Paris 83, 85, 91, 567 

ParsHaD, R. 339, 340 

Parthenogenese bei Haplothrips 351—361 

— bei Luffia 522—552 

Parthenothrips 351 

Patau, K. 26, 229, 280—285 (P., E. 
THERMAN, D. W. Smirx and R. I. 
DrMars: Trisomy for chromosome 
No. 18 in man), 399, 412, 423, 425, 
431, 478, 573—584 (P., E. Terman, 
8. L. Innorn, D. W. Smita and A. L. 
Rugss: Partial-trisomy as cause of 
the OFD syndrome) 

Pavan, C. 20, 44, 608 

Pracock, A. D. 352 

Pete, 8. R. 497 

PELLING, C. 1, 20, 22, 33, 43, 394, 608, 617 
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Pentatomidae 244 

Periplaneta 790 

PETRELLA, L. 228 

PEVELING, E. 717, 724 

Phasmidea 786 

Puiuip, U. 32, 229 

Philosomia 539 

Phragmoplast, Doppelbrechung in Endo- 
spermmitosen von Haemanthus 55, 62 

Phryne 227 

Phrynotettix 278 

Phytophaga 742, 760, 788, 801 

Picken, B. E. 573, 580, 581 

Picken, L. 563 

PrepHo, H. 607, 608, 667 

Pinney, E. 99 

Prirson, H. 585 

Pisum 437 

Piza, S. DE T. 340, 343—346, 348 

Platysamia 626, 639, 669, 670 

Praut, W. 598 

Pleurobrachia 48 

Pleurozium 347 

Poa 310 

Podisma 180 

point-effect, -error, -union s. Pseudo- 
chiasmata 

Potsson, R. 318 

Polarisationsmikroskopie, Endosperm- 
mitosen von Haemanthus 48—71 

Polaritat 445, 446 

Polkappen, Doppelbrechung in Endo- 
spermmitosen von Haemanthus, 51 bis 
53, 55, 62 

Polygonatum 48 

Polyploidie bei Alliwm 310—317 

— bei Aquilegia 455—458, 588—590 

— bei Sorghum 464 

— bei Tetrix 558 

— bei Triticum 398—409 

Polytiinchromosomen (Chironomus), 
Mutation eines Balbianirings 1—25 

—, Genaktivierung durch Ecdyson 
607—675 

—., interspezifische 
gen 26—47 

Pomeryrot, R. 351, 359 

Ponp, V. 210, 211 

position effect 34—36, 304, 711, 712 

preferential segregation s. Reduktion, 
gerichtete 

Prescott, D. M. 382, 394 


Strukturabwandlun- 
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Preston, M. M. E. 790 

Prigsner, H. 351 

Prodiamesa 27 

PROKOFYEWA-BrELGowskayYa, A. A. 303, 
467, 479, 480 

Prometaphase, Bewegungs- und Um- 
orientierungsverhalten des X von 
Melanoplus 97—115 

—, Bewegungs- und Umorientierungsver- 
halten von Bivalenten, Trivalenten 
und Univalenten bei Tipula 123—143, 
145—184 

—, Spindeldoppelbrechung in Endo- 
spermmitose von Haemanthus 53, 61 

— -Streckung 764, 766, 786—791 

Prophase 51—53, 55, 377, 466—483 

Protein-Gehalt des Nucleolus aus Spei- 
cheldriisenkernen von Chironomus 
(UV-spektrophotometrische Bestim- 
mung) 391—395 

— -Kristalle und tubulire Funktions- 
strukturen in Abhangigkeit vom Y- 
Chromosom bei Drosophiia 696—713 

Protenor 341 

Prothoraxdriise 608 

Pruzansky, S. 573, 577, 581—583 

PsaumgE, J. 573 

Pseudaulacaspis 244, 795 

Pseudochiasmata 707 

Psychidae 505—552 

Puck, T. T. 281 

Puff (s. a. Balbianiring) 37, 42, 44 

— -Aktivierung durch Ecdyson 607—675 

—, differentielle Farbbarkeit 609 

pumping mechanism 82 

Purpura 789, 790 

PussaRD-RaDULESCO, E. 351, 359 

Pyrgomorpha 558 


Ranpotpa, L. F. 310, 315, 460 

Rao, D. R. R. 260 

Rao, P. K. M. 264 

Rao, 8. R. V. 339, 340 

RasHeEvsky, N. 110, 111 

Rattus 362, 365, 366, 368, 371 

Raysurn, M. F. 553, 568, 569 

Reap, J. 497 

Reduktion, gerichtete und akzessorische 
Kinetochoren 728, 730, 738 

reductional groupings s. Genomsonderung 

Ress, H. 558, 563 
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REITBERGER, A. 742, 785 

reorientation s. Umorientierung 

RESENDE, F. 805 

retikulares Material in Drosophila-Sper- 
matocyten 687—689, 698, 699, 705 
bis 713 

Rhabdophaga 802 

— batatas, Verschwinden der Spindel und 
Chromosomenverhalten nach UV-Be- 
strahlung 233—247 

Rhinanthus 466, 476, 478 

RuoapDeEs, M. M. 345, 346, 348, 728—731, 
736, 739 

Rhodnius 670 

Rhoeo 422, 431, 472, 473, 480, 560 

Rhynchosciara 44 

Rhyncospora 434—436 

Rhytidolomia 341—343 

Rrppanps, C. R. 792 

Ribonucleinséure s. RNS 

Ricuarps, B. M. 376, 805 

RicHart, W. H. 484 

Riecer, R. 458 

Riesenchromosomen (s. a. riesenchromo- 
somenartige Bildungen), Mutation 
eines Balbianirings 1—25 

—, Genaktivierung durch Ecdyson 607 
bis 675 

—, interspezifische Strukturabwandlun- 
gen 26—47 

—, Trockengewichtszunahme wahrend 
der Larvenentwicklung 386—389 

riesenchromosomenartige Bildungen bei 
Bryonia dioica 466—483 

Riney, R. 398, 402, 405 

Ris, H. 72, 81, 212, 340, 345, 346, 352, 
404, 510, 600, 601, 677, 798 

Riser, H. 351—361 (R. und E. Kemp- 
TER: Haploidie der Mannchen und 
Endopolyploidie bei Haplothrips) 

RNase 691, 692 

RNS 43, 244, 245, 599, 665, 671, 691, 
692, 709 

— und Bruchfrequenz 33, 34, 42, 43 

— -Gehalt des Nucleolus aus Speichel- 
driisenkernen von Chironomus (UV- 
spektrophotometrische Bestimmun- 
gen) 391—395 

— und Heterochromatin 33—35, 41, 42 

Ropertson, W. R. B. 553, 554, 562, 565, 
567—569 
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ROBBELEN, CH. 97, 111, 116—189 (H. 
Baver, R. Dietz und R.: Chromo- 
somenbewegung in Translokations- 
heterozygoten von Jipula) 

Réntgenbestrahlung 30—34, 118—122, 
190—214, 286—309, 328, 484—504 

Roum, P. B. 26, 44 

Romets, B. 718 

Rosa 446 

ROSENGREN, B. 384 

Rostansky, J. 803 

RossnerR, W. 717—727 (Elektronen- 
mikroskopische Untersuchungen an 
den Chromozentren von Urtica piluli- 
fera) 

RorHFrets, K. H. 305, 307, 558 

Rubratella 227 

Rupkiy, G. T. 608 

Ruess, A. L. 5738—584 (K. Patau, E. 
TuHERMAN, S. L.INHorn, D. W. SmitH 
and R.: Partial trisomy as cause of 
the OFD syndrome) 

Rumex 585 

RuTHMANN, A. 677, 680 

RvtTIsHAvUSER, A. 192, 210, 445 


| Saccocirrus 804 


Sacus, L. 406, 564 

Salvia 449, 585, 586, 601—603 

SampatH, 8. 248, 258, 260, 262 

SANCHEZ-Monck, E. 88 

SanpDeErson, A. R. 352 

Sara, M. 229 

Sarkar, P. 398, 406 

SARVELLA, P. 600 

Sasak1, M. 362 

Sato, S. 804 

Saunte, L. H. 433, 434, 443 

Sax, K. 190, 210, 211 

Sowdrrer, K. 510 

ScHeErz, Cu. 603 

Schistocerca 567 

ScuMIALEK, P. 623 

Scumipt, E. L. 639 

Scumipt, W.J. 64, 68, 798 

ScHNEIDERMAN, H. A. 669—671 

Scuotss, M. E. 497 

Scnott, H. 345 

ScurapeEr, F. 12, 48, 53, 61, 62, 64, 87, 
98, 110, 111, 113, 244, 245, 8327—350 
(S. Huaues-ScurapER and §.: The 
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kinetochore of the Hemiptera), 353, 
404, 600, 786, 788, 794 

ScHuttz, J. 41, 382, 395 

ScHWANITz, F. 585 

Sciara 26, 788 

Sciaridae 742 

Scilla 210 

Scirpus 434 

Scort, A. C. 788 

Scort, C. R. 573, 581, 583 

ScuvpEr, G. G. E. 340 

Sears, E. R. 398, 404, 406, 407, 456 

Secale 310, 314, 603, 792 

secondary centric regions s. Kinetochoren, 
akzessorische 

Segment s. Chromosomensegment 

segregation, preferential s. Reduktion, 
gerichtete 

Srrmuer, J. 445, 506, 509, 510, 538, 539, 548 

Sericothrips 359 

SrsHacuaR, B. R. 340 

Setaria 585 

SHAMBULINGAPPA, K.G. 460—465 (M. 
L. Macoun and S.: Karyomorphology 
of Sorghum) 

SHarma, A. K. 310—317 (S. and H. R. 
ATYANGAR: B-chromosomes in diploid 
Allium and their elimination in poly- 
ploids) 

SHARMAN, G. B. 272, 276, 278, 786 

Suastry, S. V. S. 248—271 (S. and R. 
N. Misra: Pachytene analysis in Ory- 
za. II. Sterility in O. japonica-indica) 

SHEN, T. H. 696, 703, 710 

Summakoura, K. 113, 179 

SHutt, A. F. 351 

Sixx, 8S. M. 406 

Sinapis 717, 725 

Srexin, J. L. 1, 608 

Sxooa, F. 501 

StAma, K. 670 

Smirat, E. 286 

Smitu, D. W. 280—285 (K. Patav, E. 
THERMAN, S. and R. I. DrMars: 
Trisomy of chromosome No. 18 in 
man), 573—584 (K. Patau, E. THEr- 
MAN, S. L. InHorn, S. and A. L. 
RveEss: Partial-trisomy as cause of the 
OFD syndrome) 

Smitu, F. H. 585 

Saira, I. C. 352 

Situ, L. 816 
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Sita, S. G. 786 
Smitu, W. K. 258, 262, 265 
SmitH-Wuire, S. 436, 441, 446 
Snoap, B. 816 
Snowpen, J. D. 460 
Snyper, B. 565, 569 
Solanum 603 
Solenobia 506, 509, 517, 528, 538, 539, 
547, 548 
Solubea pugnax, Teilungsverhalten holo- 
kinetischer Chromosomen und deren 
Fragmente 327—350 
Somers, C. E. 22 
Sorghum 460—465 
— propinguum 460—465 
Sparrow, A. H. 210, 211, 598 
Speicheldriisenchromosomen, Genakti- 
vierung durch Ecdyson 607—675 
—, Mutation eines Balbianirings 1—?5 
—,interspezifische Strukturabwandlung 
26—47 
—, Trockengewichtszunahme wahrend 
der Larvenentwicklung 386—389 
Speicheldriisensonderzellen 2—11 
SpPEICHER, B. R. 548 
Spektrophotometrie s. Mikrospektro- 
photometrie 
SPERLICH, D. 286, 304, 305, 307 
Spermatocytenteilung bei Anisops niveus 
319—323 
— — — fiebri und A. sardea 323 
— bei Cepaea nemoralis 374—381 
— bei Drosophila, Abhangigkeit phasen- 
spezifischer Funktionsstrukturen vom 
Y-Chromosom 676—716 
— bei Melanoplus 97—115 
— bei Mesocricetus 365, 368—371 
— bei Panorpa, achiasmatische 215—232 
— bei Tetrix ceperoi, 7’. subulata, T. un- 
dulata 555—568 
— bei Tipula oleracea, Bewegungs- und 
Orientierungsverhalten von Bivalen- 
ten, Trivalenten und Univalenten 116 
bis 189 
Spindel, autonome Bewegung in Sperma- 
tocyten von Cepaea 379 
— -Bildung, atypische nach Temperatur- 
behandlung bei Lolium 812—818 
—  — und Centrosomen 181, 182 
— — aus perichromosomaler Substanz 
bei Mikiola 748—757, 761—764, 
772, 773, 786, 803—807 
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Spindel-Doppelbrechung in Endosperm- 
mitosen 53—63, 65—71 

—, physikalische Eigenschaften 55, 61, 62 

— -Fasern 53—63, 65—71, 81—93, 
107—113, 162—172, 174—184, 242, 
769, 773, 787 

— -Fusion 522—552, 812—818 

— -Material, Herkunft 55, 748—757, 
761—763, 772, 773, 786, 803—806 

— -Mechanismen 81—96, 109—113, 
174—184, 325, 769—771, 786—806 

—, polarisationsoptische Untersuchung 53 

bis 71 

— -Streckung 65, 145 

—, UV-Bestrahlung 233—247 

SRINIVASACHAR, R. 412 

Strawn, F. W. 212 

Staicer, H. 786, 789, 790 

Stauroderus 278 

Steatococcus 346 

Stessins, G. L. 398—401, 406, 407 

Stressins, G. L. jr. 258, 259, 263, 265, 
266 

STEELE, R. 598 

Sterant, R. 548, 549 

Stremnirz, L. M. 422, 423, 431 

Stemmkérper s. Spindelstreckung 

Sterxine, C. 501 

Sterilitét und Strukturheterozygotie bei 
Oryza-Bastarden 248, 249, 265—269 

Stern, C. 410, 419, 425, 426; 678, 710, 712 

Stethophyma 278, 565, 568 

Stevens, N. M. 228 

StewakRD, F. C. 501 

Sricu, H. 382, 804 

STRANDHEDE, A. S.-O. 441, 443 

Straus, J. 585, 602 

STRENZEE, K. 26, 383 

Streptocarpus 585 

Struaaer, S. 718 

Strukturheterozygotie, Speicheldriisen- 
chromosomenanalyse bei Chironomus 
26—47 

—, Pachytaénchromosomenanalyse bei 
Oryza indica-japonica 249—271 

Stumm-Zo.iinecer, E. 289 

SturtTEvAnt, A. H. 263 

Styphelieae 436 

Subchromatidenbriiche (s. a. Pseudo- 
chiasmata) bei Liliwm 190—214 

Subchromonemata 719 

SvUOMALAINEN, E. 227, 410, 548 
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SvoMALAINEN, H. O. T. 228, 567 


Suppressoren 19, 20 

SvEnsson, G. 383, 384 

SwaminaTHAN, M. 8. 262, 898—409 (R. j 
A. Pat, M. D. Upapuya, S. BuasKa- : 
RAN and §.: Chromosome diminuition 
and evolution of polyploids in Triti- 
cum), 460 

Swann, M. M. 61, 64, 68, 790, 798, 799, 
816 817 

Swanson, C. P. 190, 210 

Swit, H. 598 


Taeniothrips 359 

TAKAYAMA, S. 362 

Talaeporia 445 

Tamalia 345 

Tan, C. C. 26 

Tanaka, H. 434 

Taytor, E. W. 64, 111 

Taytor, J. H. 190, 191, 209, 211, 212, 

564, 598 

Telmatettix 568, 569 

Telomer 346 

Telophase, Spindeldoppelbrechung bei 

Haemantivus 55 

T-Enden s. Kinetochoren, akzessorische 

Tendipes 305—307 

Terao, T. 248, 259 

Terebrantia 359 

Tetrigidae 653—572 

Tetrix 553—572 

— ceperot 553—572 

— —,Chiasmata, lokalisierte 557, 562 
bis 568 

— —, Chromosomen, iiberzihlige 559 bis 
562 

— —, Chromosomenzahl] 554, 568, 569 

— —, Spermatogenese 555—568 

— subulata 553—572 

— —,Chiasmata, lokalisierte 557, 562 
bis 568 

— —, Chromosomenzahl 554, 568, 569 

— —, Spermatogenese 555—568 

— undulata 553—572 

— - ,Uhiasmata, lokalisierte 557, 562 
bis 568 

— —, Chromosomenzahl 554, 568, 569 

— —, Spermatogenese 555—568 

Tettigidea 565, 569, 570 

Tettigoniidae 565 
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THERMAN, E. 280—285 (K. Parav, T., 
D. W. Smrru and R. I. DeMars: Tri- 
somy for chromosome No. 18 in man), 
578—584 (K. Patav, T., S. L. In- 
HORN, D. W. Smirs and A. L. Rugss: 
Partial trisomy as cause of the OFD 
syndrome) 

Tuopay, J. M. 499 

THoENES, G. 717 

Tuomas, P. T. 310, 817 

TuHorntTon, H. G. 294 

Thysanoptera 351—361 

Tina, Y. C. 262, 730, 739 

Tingidae 324 

Tipula 111, 117, 118, 173, 175, 228, 786, 
789, 791, 793 799 

— lateralis, Umorientierung der univa- 
lenten Geschlechtschromosomen 173 

— oleracea, Bewegungs- und Umorientie- 
rungsverhalten von Bivalenten, Tri- 
valenten und Univalenten 116—189 

Tipulidae 787 

Tityus 343, 345, 346 

Ts1o, J. H. 88, 281, 399, 424 

Torrey, J. G. 497 

Tost, M. 538 

Tradescantia 190, 210, 431, 565 

Translokation 30, 116—122, 249, 251, 253, 
258—261, 263, 265—267, 288, 301 

TRAVAGLINI, E. C. 41 

Trichocladius 2 

Trichotanypus 27 

Trillium 210, 211, 431, 445 

Trimerotropis 278 

Trishormomyia 746 

Trisomie fiir Chromosom No. 18 beim 
Menschen 280—285 

—, partielle als Ursache des OFD-Syn- 
droms beim Menschen 573—584 

Triticum 262, 585 

— aegilopoides x Aegilops speltoides 398 
bis 409 

— aestivum, T. dicoccoides, T'. dicoccum, 
T. durum, T. monococcum 398—409 

—, Polyploidie und Chromosomenevolu- 
tion 398—409 

Triturus 69, 235, 243, 565 

Trivalente, Umorientierungs- und Be- 
wegungsverhalten bei Tipula 123 bis 
133, 147—151, 159—162, 166—184 

TscHERMAK-WoOkEssS, E. 466, 468, 471, 472, 
474478, 480, 718, 721, 725 
Chromosoma (Berl.), Bd. 12 
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Tubuli, Abhangigkeit tubulérer Funk- 
tionsstrukturen vom Y-Chromosom 
bei Drosophila 683—687, 691—713 

Tubulifera 360 

Totty, T. G. 433 

Tutt, J. W. 506 


Ucmiyamapa, H. 267 

Utxericn, F.-H. 215—282 (Achiasmati- 
sche Spermatogenese bei Panorpa) 

Ulophysema 89 

Umorientierung s. Kinetochoren, Um- 
orientierung 

Univalente, meiotisches Bewegungs- und 
Umorientierungsverhalten 80, 86—88, 
90—93, 97—115, 1389—143, 152—154, 
157, 162—166, 172—184, 276, 750 bis 
803 

Unrav, J. 398, 402, 406 

Urapuya, M. D. 398—409 (R. A. Pat, 
U., S. BuasKaRAN and M. S. Swami- 
NATHAN: Chromosome diminution and 
evolution of polyploids in Triticum) 

Urerz, R. B. 81, 89, 113, 235, 798 

Urtica pilulifera, elektronenmikroskopi- 
sche Untersuchung der Chromozen- 
tren 717—727 

UV-Mikrospektrophotometrie, Nucleolus 
der Speicheldriisenkerne von Chiro- 
nomus 384, 391—397 

— -Mikrostichbestrahlung und Chromo- 
somenelimination bei Rhabdophaga 
233—247 

Uzet, H. 351 


VaaRaMA, A. 258, 327, 347 

Valeriana 585 

Variegation 711, 712 

VENKATSWaAMy, T. 268 

Vicia 472, 473, 480 

— faba, Regeneration des Wurzelspitzen- 
wachstums nach Réntgenbestrahlung 
und Colchicinbehandlung 484—504 

VieFrusson, E. 560, 792 

VILKOMERSON, H. 347, 728, 736 

Vincent, W. S. 382 

Voet-Kéxune, L. 382—397 (Quantitative 
cytochemische Untersuchungen an 
Nucleolen von Chironomus) 

56 
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Wachtliella 233, 234, 803 

Wana, B. 55, 64 

Wacener, H. P. 280, 281 

Waaner, K. 804 

Waener, R. P. 22 

Wakxonliea, T. 192, 210—212 

Watters, M. S. 92 

Watters, S. M. 433, 434, 444, 445 

WANGENHEIUM, K.-H. v. 603 

Warsure, E. F. 433 

Warp, C. L. 306 

Weser, E. 423 

WeuetTH, G. 34, 43 

Wetter, C. 362—3738 (S. OnNo and W.: 
Sex-chromosome behavior in germ 
and somatic cells of Mesocricetus) 

WELLwoop, A. A. 600 

Wenrzicu, D. H. 272, 278 

Went, H. A. 803 

Wuitt, M. J. D. 32, 99, 226, 227, 229, 
261, 272, 278, 537, 558, 565, 566, 567, 
742, 745, 746, 748, 760, 784, 786, 788, 
800, 801 

WIGGLESwoRTH, V. B. 607, 608, 669—671 

Wiis, C. M. 626, 639, 667, 669—671 

Wusovy, E. B. 55, 62, 324 
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